Soils of the Weaber Plain, East Kimberley, Western Australia by Dixon, J C
Research Library 
Resource management technical reports Natural resources research 
1-1-1996 
Soils of the Weaber Plain, East Kimberley, Western Australia 
J C. Dixon 
Follow this and additional works at: https://researchlibrary.agric.wa.gov.au/rmtr 
 Part of the Soil Science Commons 
Recommended Citation 
Dixon, J C. (1996), Soils of the Weaber Plain, East Kimberley, Western Australia. Department of Agriculture 
and Food, Western Australia, Perth. Report 152. 
This report is brought to you for free and open access by the Natural resources research at Research Library. It has 
been accepted for inclusion in Resource management technical reports by an authorized administrator of Research 
Library. For more information, please contact jennifer.heathcote@agric.wa.gov.au, sandra.papenfus@agric.wa.gov.au, 
paul.orange@dpird.wa.gov.au. 
RESOURCE MANAGEMENT
TECHNICAL REPORT 152
Soils of the Weaber Plain,
East Kimberley,
Western Australia
by Jim Dixon*
March 1996
SOILS OF THE WEABER PLAIN   
1
Summary
The Weaber Plain, north-east of Kununurra, is one of three ‘black soil’ plains in the Kimberley
area of Western Australia.  It comprises about 15,000 hectares of irrigable land, part of what is
known as Stage 2 of the Ord River Irrigation Area (ORIA).
The area was surveyed in 1977 following a similar survey of the nearby Keep River Plain and
preceding a survey of the Ivanhoe Plain, which has since been developed commercially.  Map
units and soil series used in those reports have also been used for this report.
The most suitable soil types for irrigated agriculture are the Cununurra clays, followed by the
Aquitaine soils.
If irrigation of the Weaber Plain is to proceed, it would be wise to maintain flexibility by first
developing those soils which present the fewest problems, namely the Cununurra clays.
Development should be monitored closely, with particular attention to possible over-irrigation
and water loss from canals and drains leading to groundwater recharge.
Our recommendation is to:
• irrigate only areas where suitably transmissive subsoil layers are present;
• avoid areas with shallow groundwater or suspicions of saline soils;
• concentrate development on the western end of the plain, but not north-west of the two
large billabongs;
• maintain maximum flexibility in crop selection, preferring high water use crops.
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Introduction
This report covers the results of a 1977 soil survey of the Weaber Plain in the East Kimberley
plus a discussion of the soils, soil distribution and land units over the neighbouring Ivanhoe
and Keep River Plains.
The survey area is bounded by the Western Australian/Northern Territory border in the east;
Knox Creek, Sorby Hills and the Pincombe Range in the south; and the Weaber Range in the
north.  The plains commence about 30 km nor-north-east of Kununurra and continue for a
further 20 km to the east-north-east.  Approximately 15,000 ha of irrigable land is covered on
what is known as Stage 2 of the Ord River Irrigation Area (ORIA).
The major soil type, Cununurra clay, belongs to the great soil group of the Grey, Brown and
Red Clays of Stace et al. (1968), fine montmorillonitic typic chromo usterts in Soil Taxonomy
(USDA) or the Ug5 class of Northcote (1974).  The Cununurra clays could be termed black
soils, black earths or gilgai soils and occur on the black soil plains.  Riverine deposits derived
from a mineralogically rich and varied hinterland provide the parent material upon which these
soils developed.
This report on the Weaber Plain is the last to be completed on the three black soil plains.  The
Keep River and Ivanhoe Plains were surveyed and described separately by Aldrick and
Moody (1977) and Aldrick et al. (1990).
This survey presents data which will be useful in making decisions on development for
particular agricultural systems.  It may also be used for determining the configuration of
farming units.  Ideally, internal layout of each farm would follow more detailed investigation
using this report as a basis.
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igure 1. Location of the Weaber, Ivanhoe and Keep River Plains.
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History of land use
The East Kimberley was first settled by Europeans in the 1880s and used for extensive raising
of cattle for beef.   This use continues over large areas today.
Interest in possible irrigation development arose in the late 1930s and increased during World
War II.  In 1945 the Rural Reconstruction Commission recommended that extensive
agricultural investigations should proceed and the Kimberley Research Station was established
near the Ord River, south of the port of Wyndham.
Approval for Stage 1 of the Ord River Project was granted in 1959 and construction of a
diversion dam began the following year.  This was completed in 1963 and the first five farms
on the Ivanhoe Plain were released in 1962.  Progressive releases until 1967 brought total area
to 5,540 ha, mostly sown to cotton.
Construction of the main Ord River Dam to provide a major storage known as Lake Argyle
began in 1969, and the dam was opened in 1972.  A further 2,000 ha of land was developed on
Packsaddle Plain and five farms were released in 1974.
Through the 1960s and early 1970s cotton was the mainstay of the area’s commercial
agriculture but this became non-viable and was gradually replaced by a variety of horticultural
and field crops.  Some of the most successful have included melons, bananas and hybrid seeds.
Stage 2 of the Ord River Irrigation Area covers more than 75,000 ha of potentially irrigable
land including the Weaber Plain.
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Climate
Papadakis (1975) described the climate of the north-eastern corner of WA encompassing the
Weaber Plain, as semi-arid tropical.  For crop production, weathering and pedogenesis of soil
minerals, the important features are:
• the mean maximum temperature of all months is >25°C;
• there are three months when the mean minimum temperature is <18°C;
• the coldest month has a mean minimum temperature between 13 and 20°C and a mean
maximum between 29 and 33.5°C;
• the hottest month has a mean minimum of >20°C and a mean maximum >33.5°C.
The mean annual evaporation for Kununurra, collected at Kimberley Research Station (now
named the Frank Wise Institute of Tropical Agricultural Research), the closest station from
which data were available, is 2,625 mm, reaching 250 mm/month before the wet season.
Slatyer (1967) concluded that the wet season irrigation need for Kununurra is 215 mm with a
standard deviation of 77.5 mm.  The mean number of weeks requiring irrigation is nine with a
range of six to thirteen.
Table 1. Temperature and rainfall data by month for the Weaber Plains area.
Jan Feb Mar Apr May Jun July Aug Sept Oct Nov Dec
Mean max
(°C)
37.0 35.8 35.5 36.0 33.1 31.0 30.1 33.6 36.8 38.8 39.2 38.4
Mean min
(°C)
25.5 24.9 24.0 2.08 19.0 16.1 14.8 17.1 20.6 23.6 25.3 25.7
Mean rain
(mm)
199 214 151 17 15 2 7 0 1 33 76 98
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Geology and physiography
Aldrick and Moody (1977) contend that the Ord River once passed through what are now
known as the Keep River and Weaber Plains.  The point of diversion from the present course
was near the Frank Wise Institute.  The river continued east and north through to the north of
Cave Range.  (This departure with attendant soil differences was the basis for Aldrick et al.
(1990) dividing the Ivanhoe Plain into an older (northern) and a younger (southern) province.)
Consequently the parent materials of the Weaber Plain are very similar to those of the Ivanhoe
and Keep River Plains.
Soil types differ slightly over the three plains which could be attributed as much to duration of
pedological development as to differences in parent material.
Aldrick et al. (1990) concluded from the work of Sweet and Mendum (1971) and Mendum
(1972) that:
“In Tertiary times, most of the catchment of the Ord was probably an ancient
lateritic peneplain with the Ord River gently meandering across it.  A long
period of erosion removed most of the laterite and etched out the underlying
Proterozoic and Cambrian rocks.  The most recent contribution to the plains in
the Ord Valley have been derived from these older rocks.”
The Ord River today rises in the Durack Ranges which comprise siliceous siltstone and
sandstone with minor basalts, dolomites and feldspatic sandstones.  Schists and gneisses, with
calc-silicate rocks, appear further downstream.  Near Spring Hill Station there is a relatively
large area of Antrim Plateau Volcanics, which are mainly basaltic.  The Carr-Boyd Ranges
consist mainly of partly ferruginous sandstones, siltstones, siliceous siltstone, quartz
sandstones with some glauconites and rhyolitic tuffs.  These provide the parent material on
which the Weaber Plain soils developed (Dow and Gemuts 1969).
The chemical environment produced by the breakdown of these minerals appears to be rich,
and with the alternating wetting and drying cycle and year-round high temperatures has
produced a high proportion of 2:1 clay minerals in the soils.
The climate presents a fairly active weathering environment.  The main pedogenetic forces
seem to have been argillation on the Red Earths and Red-brown Earths and varying degrees of
decarbonation responsible for the evolution of three phases of Cununurra clays: a leached
phase with surface pH between 6.8 and 7.8; a neutral phase; and an alkaline phase with
surface pH between 7.5 and 8.5.
Rubefication, the process whereby iron-rich parent materials are broken down and converted
into amorphous hydrated iron-rich compounds, is probably active in all soils but disguised by
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the organic matter in the self-mulching clays.  Rubefication is largely responsible for the colour
of the Red Earths and Red-brown Earths.
Soils show deep profile development.  The probable parent material was micaceous silt or fine
sand.  This C horizon material was closer to the surface in units near the Red Earths and Red-
brown Earths, and also on some of the better drained portions of the clay plains.  Geologists
in the area contend that micaceous silty sand underlies the entire plain to great depth.  The
lower level for the clay was taken to be 4 m.  No deep holes were dug in the Red Earth units.
With the great depth of weathering and the extremely low silt/clay ratio, it would be expected
that the mineral reserves of the soils would be correspondingly low.  This environment would
be ideal for the formation of 2:1 clay minerals, being poorly drained and rich in calcium and
magnesium.  Potassium would favour the formation of the illites (potassium in the first
instance being derived from the micas which are evident in the C horizon).  Magnesium and
calcium favour the formation of montmorillonite while calcium can inhibit development of
kaolinite.  The carbonates can retard the weathering of primary silicates thus providing a
chemical environment that is more basic than the parent materials would indicate.
The dark colour of the top 100 to 150 cm of the cracking clay soils will almost certainly be
due to the argillo-organic complexes which form readily with the smectite clay minerals and
even more readily if alkaline earth minerals are present.
Organic matter is normally low, 0.5% being common, which is consistent with conditions that
would promote rapid mineralisation.
Grasses are not renowned for producing high quality humic compounds.  Rather high levels of
lignins and cellulose are produced which would be used directly by the microbiota, leaving
little residue.  The high C:N ratio (usually between 15 and 20) probably indicates high
microbiological activity.
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Survey methods
Field work was conducted during the dry season of 1977.  Land units were marked on colour
aerial photographs at a scale of 1:15,840 and confirmed in the field by examination of surface
features such as vegetation, microrelief, landform and complete profile descriptions at about
100 sites.
The map units and soil families developed by Aldrick and Moody (1977) and Aldrick et al.
(1990) were used for consistency.  In most cases, the classification system fitted the Weaber
Plain and only slight adaptation was necessary to cover all soils.  Consequently, many of the
land unit descriptions can be attributed to those authors.
The soil augerings were taken using a 50 mm steel tube driven to a depth of between 150 and
180 cm by power hammer.  Extruded cores were relatively undisturbed and usually
satisfactory for profile descriptions.  The core was probably inadequate where structural units
were extremely large or where the pedological features were uncommon and not intercepted by
the access tube.
Twelve pits were sunk to 2 m with a backhoe (one pit for each major soil division), and pit
profile descriptions differed only slightly from the description of the extruded core.  The
power hammer was used in the pit floor, where sampling was to between 3 and 4 m.
Each horizon in each pit was sampled, with some of the more relevant core samples.  The
analyses performed were those outlined by Loveday (1974) for irrigated soils.  The chemical
and clay mineral determinations were done by Government Chemical Laboratories and the soil
physical measurements by Department of Agriculture (now Agriculture Western Australia)
laboratories.
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Soil types on the Ivanhoe, Weaber and Keep
River Plains
Table 2 lists all the soil families and their phases encountered on the Ivanhoe, Weaber and
Keep River Plains.  Not all occur on any one plain and the information combines that collected
by Aldrick and Moody (1977), Aldrick et al. (1990) and this survey.  The profile descriptions
are attributable to all three authors.  Not all soils occurred on the Weaber Plain, and of those
that did, there was strong partitioning between the Western and Eastern Provinces.
Table 2. Soils of the Ivanhoe, Weaber and Keep River Plains.
Great Soil Group Most common PPF Soil family Phase
Grey, Brown and Red Clays Ug5.15
Ug5.15
Ug5.15 (.25)
Ug5.15
Ug5.34 (.25)
Ug5.25
Cununurra Normal
Darker
Wetter
Eroded
Alkaline
Leached
Grey, Brown and Red Clays Ug5.34
Ug5.25 (.34)
Keep Normal
Flooded
Grey, Brown and Red Clays Ug5.29 (.34)
Ug5.25 (.29)
Ug5.15
Ug5.28
Ug5.
Aquitaine Bluish
Greyish
Olive-Yellow
White
Petrocalcic
Grey, Brown and Red Clays Uf6.31 Milligan Normal
Red-brown Earths/
Solodic Soil intergrades
Dr3.22 (.32) Benton Normal
Red Earths Gn2.12
Uf6.31 (.53)
Gn2.11
Weaber Normal
Heavier
Gravelly
Red-brown Earths Dr3.22 (.12)
Dr4.22 (.21)
Bonaparte Normal
Sandy surface
Unknown, similar to Desert
Loams
Gc2.12
Gc1.22
Walyara Normal
Normal
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Table 3. Soils of the Western and Eastern Provinces of the Weaber Plain.
Soil family Western Province Eastern Province
Aquitaine Bluish
Greyish
Olive-yellow
White
Petrocalcic
Greyish
Bonaparte Normal
Sandy
Normal
Sandy
Cununurra Normal
Wetter
Normal
Keep Normal
Flooded
Normal
Walyara Intergrades only
Weaber Gravelly Gravelly
Heavier
Normal
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Aquitaine family
Aquitaine bluish phase Ug 5.29 (.25)
Distinctly bluish when dry and disturbed.
Horizon Depth (cm) Description
All 0-8 Grey (5YR 5/1, 2.5YR 5/1, 10YR 5/1) or greyish-brown (2.5YR 5/2, 10YR
5/2) medium clay; weakly self-mulching, fine blocky to platy structure with
rough-ped to smooth-ped fabric; pH 6.0 to 7.0.
A12 8-30 Grey (5YR 5/1, 2.5YR 5/1) or greyish brown (2.5YR 5/2) medium to heavy
clay; dry extremely hard; smooth-ped fabric, coarse blocky structure; pH 6.5 to
7.5, traces of carbonates and manganese; few fine faint greyish mottles.
A13 30-135 Grey (5YR 5/1, 2.5YR 5/1) or greyish-brown (2.5YR 5/2), but sometimes
olive-grey (5YR 5/2, 4/2) or dark greyish-brown (2.5YR 4/2) medium to heavy
clay; moist very firm; smooth-ped fabric with slickensides, but indistinct
pedality, some grey clay argillans; pH 7.5 to 8.0, some carbonate nodules and
manganiferous concretions, occasional sand lenses; common fine to medium
yellowish-brown mottles.
AC 135-150+ Dark brown (7.5YR 4/4), rarely yellowish-red (5YR 4/6) medium clay; smooth-
ped fabric and weak pedality, some clay argillans in upper parts; pH 8.5 to 9.0,
up to 5% carbonate modules; some mottling.
Aquitaine greyish phase Ug5.25 (.29)
Inundated to less depth and for less time than soils of the bluish phase.  Soils occur mainly in
swamps and some parts of the junction complex, merging with wetter phase Cununurra clays.
Eucalyptus tectifica and E. parvifolia are present.
Horizon Depth (cm) Description
All 0-8 Dark grey (10YR 4/1) medium clay; weakly self-mulching fine blocky to platy
structure with rough-ped to smooth-ped fabric; pH 6.5 to 7.5.
A12 8-30 Dark grey (10YR 4/1) or dark greyish-brown (2.5Y 4/2, 10YR 4/2) medium to
heavy clay; dry, extremely hard; smooth-ped fabric and coarse blocky structure;
pH 7.5 to 7.8; traces of carbonate nodules and manganiferous concretions.
A13 30-130 Dark grey (10YR 4/1) or dark greyish brown (2.5Y 4/2, 10YR 4/2) heavy clay;
moist, very firm; smooth ped fabric with slickensides but indistinct pedality,
some grey clay argillans; pH 8.0 to 8.5, some carbonate nodules and
manganiferous concretions, occasional sand lenses, few to common greyish or
yellowish brown mottles.
AC 130-150+ Dark brown (10YR 3/3, 7.5YR 3/2), rarely reddish brown (5YR 4/4) medium
to heavy clay; smooth-ped fabric and weak pedality; pH 8.5 to 9.0, up to 5%
carbonate nodules; some mottling.
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Aquitaine olive-yellow phase Ug5.15
Very similar to the greyish phase except that colour is dark brown.  Subject to similar
inundation.  Eucalyptus tectifica and E. parvifolia  are present, or the land is treeless.
Aquitaine family (continued)
Two new soil types have been recorded in the north-west of the Weaber Plain which could be
considered phases of the Aquitaine family:
Aquitaine white phase Ug5.28
The distinguishing features are the high colours of the A12 horizon always >4.5 and often >5;
the low chroma, most commonly 1 and occasionally to 2; and extreme profile depth.
Horizon Depth (cm) Description
All 0-10 A dry, extremely hard medium clay with a fine crumby/granular structure,
earthy fabric, pH 7.5; a few small carbonate nodules and colour 5Y 5.5/1.5.
A12 1-100 Slightly moist very firm heavy clay; fine to medium blocky structure, smooth
ped fabric, well developed slickensides common; carbonate nodules to 5 mm
diameter common; pH 7.5 to 8.0; colour 5Y 5.5/1.
A13 100-200 Slightly moist, firm, heavy clay with medium blocky structure, smooth-ped
fabric and slickensides, frequent but faint pinkish mottles, occasional carbonate
nodules to 2 cm diameter and colour 2.5Y 5/2.
AC1 200-260 Slightly moist, firm, heavy clay; strongly developed fine blocky structure, a
rough-ped fabric; pH 8.25; a few carbonates to 5 mm and up to 5% by volume
of gypsum crystals; mottled, usually with clear boundaries; matrix 10YR 5/4
and mottles 5YR 4/4; cutans on some ped faces.
AC2 260-320+ Slightly moist, friable, heavy clay with a weakly developed fine blocky
structure, rough-ped fabric; pH 8.0; colour 5YR 4/4; cutans on some ped faces;
gypsum 5% by volume; clay swells enormously when water is added.
Detailed analysis of a representative profile, EC, is included in Appendix 1.
Aquitaine petrocalcic phase Ug5
This could be a version of the Aquitaine white phase with impeded subsoil drainage.
Horizon Depth (cm) Description
A12 0-15 Dry hard, medium clay with a medium subangular blocky structure, smooth-
ped fabric; pH 8.5 to 9.0 (10YR 5/1.5).
A13 5-10 A slightly moist (2.5Y 4/2) hard, medium clay with a medium subangular
blocky structure and smooth-ped fabric; very pronounced slickensides and
cutans, nodules of calcium carbonate to 3 mm diameter.
Petrocalcic horizon 5Y 5.5/1; pH 9.25.
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Benton family
Benton normal phase Dr3.22 (.32) (Gn2.45)
Horizon Depth (cm) Description
A1 0-8 Dark brown (10YR 3/3) clay loam with fine sand, porous; mottled; pH 6.5;
earthy massive; Dry, very hard; some areas of A2 are bleached; A2/B21
boundary abrupt;  reddish to yellowish mottling common.
B21 40-95 Dark brown (7.5YR 4/4) medium clay, extremely hard when dry; pH 6.5 to
7.0; earthy or smooth faced peds; upper part may show sporadic bleaching;
reddish and greyish mottling common.
B22 95-100 Dark reddish (5YR 3/4) medium clay, extremely hard when dry; structured;
strongly mottled and iron stained; pH 7.5 to 8.5; smooth-ped fabric.
A coarse columnar structure probably exists in the B horizons.  Consistent fine sand skeleton
throughout the profile.  Detailed analysis of a representative soil profile, AO, is included in
Appendix 1.
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Bonaparte family
Bonaparte normal phase Dr3.22 (.12) (Gn 2.42)
All phases are duplex in terms of the texture change between the A and B horizons, but
intergrades with Weaber soils can be gradational.
Horizon Depth (cm) Description
Al 0-10 Dark brown porous sandy clay loam; pH 6.0 to 6.5; dry, very hard, massive,
earthy.
A2 10-40 Dark brown (7.5YR 4/4) porous sandy clay loam to sandy clay; pH 6.0 to 6.5;
dry, very hard, massive, earthy.
B1 40-100 Dark reddish brown (5YR 3/4) light medium clay, extremely hard, strong
block-like structure strongly mottled; smooth-ped fabric, yellowish alluvial clay
faces on peds; block-like structure, pH 6.0 to 6.5; olive and reddish mottling
common and ferro-manganiferous stains on ped faces.
B2 100-160 Dark reddish-brown (2.5YR 3/4) medium heavy clay; dry, extremely hard;
smooth-ped faces, thick alluvial clay and ferro-manganiferous stains on ped
faces; blocky structure; olive, yellowish mottling common; pH >7.0.
Detailed analysis of a representative soil profile, DU, is included in Appendix 1.
Bonaparte sandy surfaced phase Dr4.22 (.21)(.61)
Depth (cm) Description
0-60 Loose or soft loamy sand.
60+ Reddish massive or blocky light or medium clay; not strongly mottled.  Soils
with massive subsoils could be sandy surfaced phase of Weaber except for the
marked texture contrast.
It was once considered that a gravelly phase of the Bonaparte soils should be included.  One
such unit was found where a Bonaparte soil had about 10% of coarse (>2 mm) material
distributed through the profile.  This was left as Bonaparte normal phase because it is not
common and there was little point in further subdividing a small group.  If other examples are
found it may be worth establishing another soil type and perhaps a land unit.
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Cununurra clay family
Cununurra clay normal phase Ug5.15
Horizon Depth (cm) Description
All 0-5 Very dark greyish-brown (2.5Y 3/2) light to medium clay; dry and loose (self-
mulching); granular structure and smooth-ped to rough-ped fabric; pH 7.5.
A12 5-25 Very dark greyish-brown (2.5Y 3/2) medium to heavy clay; dry, extremely firm
with medium blocky structure and smooth-ped fabric; pH 8.0, traces of
carbonate nodules and some manganiferous concretions; some indistinct
slickensides.  Shrinkage cracks very evident.  Peds approximately 4 x 8 cm.
A13 25-125 Very dark greyish-brown (2.5Y 3/2) heavy clay; dry, extremely firm; coarse
blocky structure evident in the drier parts with prismatic peds 15 x 30 cm;
smooth-ped fabric; pH 8.5, traces of carbonate nodules and some manganiferous
concentrations; some lenses of fine sand; shrinkage cracks sometimes penetrate
the top of this horizon.
AC1 125-140 Dark brown (10YR 3/3, 7.5YR 3/2) medium to heavy clay; slightly moist,
extremely firm; smooth-ped fabric; pH 8.6; 2-5% carbonate nodules and traces of
manganese concretions; some weakly bound concretions of soil material and
inclusions of AC2 horizon material.
AC2 140-160+ Dark reddish brown (5YR 3/4) medium clay; slightly moist, very firm; pH 8.5;
up to 5% large carbonate nodules; smooth-ped faces evident but fabric may be
earthy; increasing micaceous material.
Detailed information on a representative profile, CH, is included in Appendix 1.
Cununurra clay darker phase Ug5.15
Similar to normal phase but darker (occurs almost entirely in north of Keep River Plain). Some
profiles shallower 130 to 140 cm.  Slightly less well drained than normal phase.
Cununurra clay brown phase Ug5.15
Not common.  Slightly better drained and shallower than normal phase.
Cununurra clay wetter phase Ug5.15, Ug5.25
Material to 30 cm is paler than normal (c.f. Aquitaine); can grade into the greyish phase of
Aquitaine soils.
Cununurra clay eroded phase Ug5.15
Profile truncated to varying degrees.
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Cununurra clay alkaline phase Ug5.34 (.25)
Could be confused with the brown phase.  Has relatively high carbonate content and is
sometimes calcareous almost to the surface, with pH readings of 7.5 and 8.0 at shallow
depths.  Intergrades with Walyara soils are common.  Soil structure is strong and fine and on
cultivation the soil breaks down readily into a fine tilth.
Horizon Depth (cm) Description
All 0-10 Dark brown (10RY 4/3) medium clay; dry and loose (self-mulching); granular
structure, rough-ped to smooth-ped fabric; pH 7.8 to 8.0 (higher in transitions
to Walyara); up to 2% small carbonate nodules.
A12 10-35 Dark brown (10YR 3.5/3) medium to heavy clay; dry, very hard or moist, very
firm; medium blocky structure and smooth ped fabric; pH 8.3 to 8.5; 2 to 3%
small carbonate nodules and some manganiferous concretions; (amorphous
carbonates also present in transitions to Walyara).
AC1 35-145 Brown (7.5YR 4/4) medium clay; moist, extremely firm; smooth ped fabric; pH
8.5 to 8.8, 5% larger carbonate nodules and some manganiferous concretions;
some weak concretions of soil material.
AC2 145-160+ Reddish brown (5YR 4/4) or yellowish red (5YR 4/6) light to medium clay;
slightly moist, very firm; smooth-ped faces evident but few carbonate nodules;
increasing micaceous material.
Detailed analysis of a representative site, CX, is provided in Appendix 1.
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Cununurra clay leached phase Ug5.25
Free carbonates are rare in top 100 cm and pH lower than for other phases.  Soil colour is
distinctly greyer than alkaline phase and marginally greyer than the normal phase.  Structure is
coarser than in the alkaline phase.
Horizon Depth (cm) Description
All 0-5 Dark greyish-brown (10YR 3.5/2) medium to heavy clay; dry and loose (self-
mulching); granular structure with rough-ped to smooth-ped fabric; pH 6.8 to
7.5.
A12 5-25 Dark greyish-brown (10YR 4/2) heavy clay; dry; extremely hard or moist, very
firm; strong medium blocky structure and smooth-ped fabric; pH 7.5 to 7.8, rare
small carbonate nodules and occasional traces of manganese.
A13 25-130 Dark greyish-brown (10YR 4/2) heavy clay; moist, very firm; structure probably
coarse blocky with smooth-ped fabric and very evident slickensides; pH 8.5;
traces of carbonate and manganese and some sand lenses.  Less well drained
members tend to have slightly heavier textures, softer consistency, no visible
carbonates, less distinct structure, and some evidence of clay argillans.
AC1 130-145 Dark brown (7.5YR 3/4) heavy clay; slightly moist, extremely firm; smooth-
ped fabric; pH 8.8; traces of carbonate nodules and manganiferous concretions.
AC2 145-160+ Dark brown (5YR 3/4) medium to heavy clay; slightly moist, extremely firm,
fabric mainly smooth-ped; pH 8.9; 1 to 2% carbonate nodules.
Detailed analysis of a representative sample profile, CW, is included in Appendix 1.
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Keep family
Keep normal phase Ug5.34
Most common in the north of the Keep River Plain, influenced by Sandy Creek in the
Northern Territory.  These soils are the remnants of Benton, Bonaparte and Walyara soils;
found only on mounds of mukkara gilgai.
Horizon Depth (cm) Description
All 0-5 Dark brown (10YR 3/3) light to medium clay, dry and loose (self-mulching);
rough-ped fabric, pH 8.0; some carbonates, with a surface strew of carbonate
nodules.
A12 5-35 Dark greyish-brown (2.5YR 5/2) to dark brown (10YR 4/3) medium to heavy
clay; dry, extremely hard, smooth-ped fabric and blocky structure; pH 8.0 to
8.5.  About 5% carbonate nodules and some manganiferous concretions.
A13 35-110 Dark greyish-brown (2.5YR 5/2) to dark brown (10YR 4/3) heavy clay; moist
very firm, smooth-ped fabric and blocky structure; pH 8.5 to 8.8; about 5 to
10% carbonate nodules and some manganiferous concretions; calcareous;
occasional sand lenses and weak slickensides.
AC 110-160+ Dark yellowish brown (10YR 3/4) medium to heavy clay; slightly moist,
extremely firm earthy to smooth-ped fabric, weakly pedal; pH 8.8; about 10%
carbonate nodules, calcareous.
Keep flooded phase Ug5.25 (.34)
Similar to normal phase but seasonally inundated and gilgai >1 m.
Horizon Depth (cm) Description
All 0-8 Brown (10YR 4/3) or greyish-brown (10YR 5/2) medium clay; dry and loose,
granular, self-mulching with a surface strew of carbonate nodules; pH 8.0; some
carbonate nodules and manganiferous concretions.
A12 8-25 Brown (10YR 5/3) or dark yellowish-brown (10YR 4/4) medium clay; dry,
extremely hard; smooth-ped fabric and blocky structure; pH 8.0; some carbonate
nodules and manganiferous concretions, occasionally calcareous.
A13 25-120 Brown (10YR 5/3) or dark yellowish-brown (10YR 4/4) medium to heavy clay;
moist and very firm; smooth-ped fabric and blocky structure, evidence of
slickensides; pH 8.5, moderate amounts of carbonate nodules and sufficient
amorphous carbonates to make the soil material calcareous, some manganiferous
concretions, few fine faint yellowish-brown mottles.
AC 120-150 Dark brown (10YR 3/3) medium to heavy clay; slightly moist extremely firm;
fabric mainly smooth-ped but structure indistinct; pH 9.0, 5 to 10% carbonate
nodules and some weakly cemented concretions of soil material, calcareous,
some mottling.
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Milligan Family
Milligan normal Uf6.31
Profiles are dark brown, mildly structured and swell slightly.  They are most common around
edges of the plains near the Cockatoo Land System and occur with a mixture of Cununurra
clay soils in depressions.
Horizon Depth (cm) Description
A11 0-1 Thin crust, laminated; sand veneer and some ferruginous nodules; fine cracks.
1-10 Dark brown (10YR 3/3) clay loam to light clay with reddish sand veneer; some
ferruginous nodules and fine cracks; pH 6.5 to 7.0; extremely hard when dry;
some smooth-ped fabric; massive to weakly blocky; some fine shrinkage cracks.
A12 10-40 Dark brown (10YR 3/3) light medium clay, extra hard; weakly structured; pH
6.5 to 7.0; smooth-ped fabric, weakly pedal, some massive areas; some
shrinkage cracks.
A13 40-120 Dark brown (10YR 3/2.5) medium clay, extra hard; weakly structured; pH 7.0
to 8.0; smooth-ped fabric, with some weak slickensides, blocky structure; faint
carbonate and manganese traces; some ferro-manganiferous staining.
AC 120-160+ Yellowish (10YR 3/4) medium clay with some ferruginous nodules and weakly
blocky structure; pH 8.0 to 8.5; smooth-ped fabric/earthy; some profiles exhibit
lateritic mottling below this layer.
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Walyara family
Walyara normal phase Gc2.12, 1.22
Horizon Depth (cm) Description
A1 0-10 Dark brown (10YR 3/3) clay loam; dry and hard, massive and earthy; pH 8.0,
calcareous.  A thin, dark curled surface crust with a few siliceous gravels.
A3 10-20 Dark brown (10YR 3/3) light clay; dry, very hard, massive and earthy; pH 8.5,
some finely divided carbonates; calcareous.
B1 20-100 Dark brown (10YR 4/3) medium clay; dry, extremely hard; earthy to smooth-
ped fabric and weak blocky structure; pH 8.8, up to 20% finely divided
carbonates; calcareous.
B2 100-160 Dark yellowish-brown (10YR 3/3 3/4) medium to heavy clay; slightly moist,
extremely firm; smooth-ped fabric and weak blocky structure; pH 8.8; some
finely divided carbonates and a few pale mottles; calcareous.
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Weaber family
Weaber soils are never duplex.
Weaber normal phase Gn2.12
Horizon Depth (cm) Description
A1 0-15 Dark reddish-brown 10YR 2/1 (5YR 3/4) light clay with fine sand; dry, very
hard; massive and earthy; pH 6.5; textures may be subplastic.
B2 45-150+ Dark reddish-brown (2.5YR 3/4) light or medium clay with sand; subplastic;
dry, very hard to moist, very firm; massive and earthy; pH 6.5 to 7.0.
Weaber heavier phase Uf6.31, (.53)
Horizon Depth (cm) Description
A1 0-20 Dark reddish-brown (5YR 3/4, 2.5YR 3/4) light to medium clay; very hard,
massive, porous and earthy; pH 6.5.
B1 20-70 Dark red (2.5YR 3/5) or yellowish-red (5YR 4/5) medium clay; massive and
earthy or weakly structured with some smooth-ped fabric; dry, extremely hard;
pH 7.0; textures mildly subplastic; some grit or fine sand common.
B2 70-150 Dark red (2.5YR 3/6) or yellowish-red (5YR 4/5) medium clay; massive and
earthy, or structured with smooth-ped fabric; moist, very firm; pH 7.5; textures
sometimes subplastic; grit or fine sand common components of the silica
skeleton; occasional mottling.
Weaber gravelly phase Gn2.11
This is limited to exhumed stream beds or coarse gravelly levee remnants.  Resembles normal
phase but with 15 to 100% surface gravel cover and up to 50% gravel in the soil.
Other soils
Mottled clays, mostly Ug5.15, are not common enough to be accorded family status.
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Vegetation
The vegetation follows a series of concentric zones extending inwards from the perimeter of
the plain.  This most likely reflects the drainage.  The sandstone and shale hills surrounding
the plain discharge water onto the outermost ‘ring’.  The water then flows for considerable
distances along cracking clays, breaks out in places and finds its way into Border Creek, Knox
Creek, or between the low hills to the north-west.  Departure from the broad pattern can be
seen where a stream breaks from depressed areas and flows across the plain.  The enclosed
map of the Weaber Plain illustrates the changes in vegetation.
Unit 5c is usually treeless but can carry a range of grasses, principally Chrysopogon fallax and
Iseilema fragile; often Ophiuros exaltatus and some Sorghum stipoideum.  The microrelief is
often severe debil debil gilgai with soils from the Aquitaine family bluish phase.
Just inside this unit, forming a second ring around the plains, is unit 5a which carries
Eucalyptus tectifica, sometimes with Excoecaria parvifolia and rarely  E. parvifolia alone.
Sorghum stipoideum, which is ubiquitous in the region, is present but not dominant.
Ophiuros exaltatus appears and I. fragile is one of the more plentiful grasses.  Soils are of the
Aquitaine family, with wide deep cracks in the dry season.
Unit 5a occurs inside unit 5b.  Eucalyptus tectifica still dominates but the vegetation is more
variable.  S. stipoideum dominates the grasses, although I. fragile may still appear.  Eucalyptus
tectifica is still present, and on the inside edge of this unit Terminalia species grow.  Soils are
Aquitaine family, mostly greyish phase.
To the interior of the plain into unit 1, E. tectifica and E. parvifolia disappear completely,
replaced by sturdy Lysiphyllum cunninghamii, supplementing Terminalia spp.  Acacia sp. aff.
bidwillii is found in this zone, usually as discrete communities, Sehima nervosum and possibly
Astrebla squarrosa.  The centre of the plain is almost treeless and dominant grasses are
Sorghum stipoideum and S. nervosum.  Occasional shrub-size L. cunninghamii, A. sp. aff.
bidwillii and Terminalia sp. are found.
In this central unit, mukkara and nuram gilgais occur with calcium carbonate on the puffs,
Keep soils or Cununurra clay alkaline phase.  Carissa lanceolata is often found in the centre
of the gilgai puff.  There are more small Terminalia spp., sometimes intertwined with
C. lanceolata.  If the puff is extensive there may be a lower grass, such as Themeda triandra or
I. fragile.  S. stipoideum is less common in the highly calcareous soils.
A different and distinctive range of vegetation occurs on red soils which are scattered over the
plain.  Grasses can be exclusively Heteropogon contortus or T. triandra.  Trees are
predominantly eucalypts, E. papuana, E. sp G, E. foelscheana and sometimes Brachychiton
diversifolius, Terminalia latipes, Grevillea striata or Ficus opposita.
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Often surrounding these islands of red soil is an area of mukkara which carries an intermediate
phase of vegetation.  E. papuana is the main tree with I. fragile, C. fallax, T. triandra and
S. stipoideum.  Hibiscus panduriformis and Ophiuros exaltatus grow in the gilgai depressions.
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Land units of the Ivanhoe, Weaber and Keep
Plains
Mapping is of land units, which are closely related, but do not always correspond completely
to soil type.  Most map units on the Weaber Plain are found on the Ivanhoe, Keep River and
Lower Weaber Plains (in the Northern Territory) and have already been described in detail by
Aldrick and Moody (1977) and Aldrick et al. (1990).
Land unit 1
Topographically flat or gently sloping areas of Cununurra clay normal phase with minor
inclusions of other phases; gilgai 10 to 30 cm by 1 to 2 m; vegetation from grasslands to
shrublands of variable density.
Location: Keep and Weaber Plains.
Land unit 1a
Flat or gently sloping areas of Cununurra clay alkaline phase with small patches of Walyara
soils and intergrades between Walyara and Cununurra clays; gilgai 10 to 30 cm by 1 to 2 m;
vegetation thought to have included abundant Lysiphyllum cunninghamii.
Location: Southern Province of the Ivanhoe Plain.
Land unit 1b
Flat or gently sloping areas of mainly Cununurra clay leached phase (i.e. almost neutral
topsoils); relatively open and treeless before development.
Location: Northern Province of the Ivanhoe Plain.
Land unit 2a
Smooth-surfaced; former landscape remnants gently sloping to flat comprising Bonaparte
soils; vegetation of Eucalyptus clavigera, E. confertiflora, E. tectifica, E. foelscheana and
E. papuana with either Themeda triandra or Heteropogon contortus.
Location: Keep River and Weaber Plains.
Land unit 2b
Smooth-surfaced; former landscape remnants, gently sloping with Bonaparte sandy surface.
Location: Weaber and Keep River Plains.
Land unit 2c
Smooth; former landscape remnants, gently sloping to flat areas of Weaber soils; vegetation of
E. clavigera, E. confertiflora, E. tectifica, E. foelscheana and some E. papuana with Themeda
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triandra.
Location: Ivanhoe, Keep and Weaber Plains.
Land unit 2d
Raised linear areas, probably exhumed stream beds or old coarse levees with significant
marginal slopes and smooth surfaces; soils belong to the gravelly phase of the Weaber family
and carry a eucalypt woodland of E. foelscheana and E. sp. G with some E. papuana and
Themeda triandra.
Location: Keep River and Weaber Plains
Land unit 2e
Thought to be similar in origin to unit 2c, but soils belong to heavier phase of the Weaber
group; the original vegetation is unknown as all areas located have been cleared and cropped on
the Ivanhoe Plain; microrelief unknown.
Location: Ivanhoe Plain.
Land unit 3a
Former landscape remnants, gently sloping to flat, with cracks, run-away cavities and slumped
areas on an otherwise smooth surface; soils are Bonaparte/Benton intergrades and vegetation
very dense Melaleuca minutifolia, some E. microtheca, various grasses.
Location: Keep River Plain in the area influenced by Sandy Creek (NT).
Land unit 3a(1)
Former landscape remnants, gently sloping with some deep cracks, slumped areas and run-
away cavities on soils which are Bonaparte/Benton intergrades.  This differs from 3a, being
essentially treeless, but has a similar range of grasses.
Location: Keep River Plain in the area influenced by Sandy Creek (NT).
Land unit 3b
Former landscape remnants, flat to gently sloping in the area influenced by Sandy Creek, some
deep cracks and slumped areas and run-away cavities; soils are Bonaparte/Benton intergrades
and vegetation is a Grevillea striata woodland and the usual grasses of unit 3.
Location: Keep River Plain.
Land unit 3c
Former landscape and levee remnants, flat to gently sloping; some deep cracks, slumped areas
and run-away cavities occur on the Bonaparte/Benton soil intergrades; smooth microrelief on
the Milligan soils; vegetation is an open woodland of E. microtheca with some
L. cunninghamii.
Location: Keep River Plain in areas influenced by Sandy Creek (NT).
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Land unit 3d
Former landscape remnants, flat to gently sloping with smooth microrelief; soils are Milligan
with rare Bonaparte; vegetation is open woodland of E. papuana with few L. cunninghamii;
Themeda triandra is the most common grass.
Location: Keep River Plain in the area influenced by Sandy Creek (NT).
Land unit 4a
These areas are gently sloping to flat, but form complex patterns of broad, flat shelves from 10
to 20 m across and up to1 m above slightly small depressions.  The soils are
Bonaparte/Benton intergrades on the shelves with some Walyara near the shelf edges and
Cununurra clays in the depressions.  Vegetation is sparse but mainly E. microtheca and L.
cunninghamii in the depressions and C. lanceolata on the shelves; grasses are variable.
Location: Weaber and Keep River Plains.
Land unit 4b
Complex patterns of flat shelves from 2 to 10 m across and up to 50 cm above relatively large
areas of cracking clay; soils are mixed Bonaparte/Benton or Keep on the shelves and cracking
clays in the depressions; vegetation is scattered E. microtheca and C. lanceolata plus a range
of grasses.
Location: Keep River and Weaber Plains.
Land unit 4c
Gently sloping to flat areas with a gilgai microrelief and a mixture of Keep soils on the mounds
and Cununurra clays in the depressions; these areas tend to be treeless, but may have some L.
cunninghamii and small Acacia sp. aff. bidwillii and a mixture of grasses.
Location: Ivanhoe, Keep River and Weaber Plains.
Land unit 4d
Low lying areas in the ‘junction complex’ near the edges of the plain, mainly abutting the
Cockatoo Land System; complex patterns of broad, almost flat shelves from 5 to 10 m across
and up to 50 cm above slightly smaller sub-circular depressions; soils mixed with Milligan on
the shelves and cracking clays and others in the depressions; vegetation is mainly E. papuana
with various grasses.
Location: Weaber and Keep River Plains.
Land unit 4e
Locally depressed areas and small swamps with a gilgai microrelief >1 m and a frequency of 10
to 20 m; soils are Keep flooded phase, and support dense shrubland of E. parvifolia and
Terminalia spp. with variable grasses.
Location: Weaber and Keep River Plains.
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Land unit 4f
Occurs in concentric belts around areas of 2c and 2e.  Microrelief and vegetation are unknown
as all have been cleared, but soils are a mixture of Cununurra and Weaber and intergrades.
Location: Southern Province of the Ivanhoe Plain.
Land unit 5a
Almost perfectly flat low-lying areas subject to seasonal inundation from both the clay plains
and the Cockatoo Land System; microrelief is either weak gilgai, 10 cm x 2 to 3 m, or debil-
debil gilgai; soils are mostly Aquitaine bluish phase, with minor inclusions of greyish and
olive-yellow phases; they support a dense woodland of E. microtheca and E. parvifolia and
grasses, mostly Sorghum stipoideum, Panicum decompositum and I. fragile.
Location: Ivanhoe, Weaber and Keep River Plains.
Land unit 5at
As for land unit 5a, but supporting other vegetation, most commonly Terminalia spp.  (This
unit probably represents a transitional stage to unit 5b, where the drainage can be better.  Soils
are Aquitaine olive-yellow phase.)
Location: Weaber Plain.
Land unit 5bt
This is an intermediate stage between 5b and 1; the soils are mostly Aquitaine greyish phase,
but vegetation includes some of the heavier timbered plants of unit 1 described by Aldrick,
including Atalaya hemiglauca, L. cunninghamii and S. stipoideum.
Location: Weaber Plain
Land unit 5c
Narrow linear depressed areas in the ‘junction complex’ (unit 8) near the Cockatoo Land
System with debil-debil microrelief and wide cracks at close intervals; the soils are
predominantly Aquitaine bluish phase with inclusions of sand and stone from the adjacent
land system.  Land is usually treeless, although some E. parvifolia or E. microtheca may be
present with S. stipoideum.
Location: Ivanhoe, Weaber and Keep River Plains.
Land unit 5d
Occurs locally as areas of poor drainage within the plains; the most common soils are
Cununurra clay wetter and leached phases.  Photographs of the Ivanhoe Plain show that it was
formerly treeless, as it is now on the Weaber.
Location: Ivanhoe Plain Northern Province and Weaber Plain Western Province.
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Land units 6 and R
Abrupt sandstone rock outcrops to 10 m, covered in spinifex and occasional small trees.
Location: Weaber Plain.
Land unit 6a
Infrequent patches of silicified sandstone rock >1 m in diameter in a cracking clay matrix; can
be treeless or with E. parvifolia and E. microtheca, always with S. stipoideum; rock usually
covers >50% of the surface, but as there is no relief; areas are very difficult to identify from
aerial photography.
Location: Weaber Plain.
Land unit 6d
Dolomitic rock outcrops, similar to unit 6.
Location: Exclusively in the Western Province of the Weaber Plain.
Land unit 7a
Major rivers, creeks and associated strongly eroded banks; features a variety of cracking clays,
including Cununurra clay eroded phase, and other eroded alluvial soils; tall dense Melaleuca
spp., E. papuana, E. microtheca and L. cunninghamii and many shrubs and grasses.
Location: Ivanhoe, Weaber and Keep River Plains.
Land unit 7b
Sloping margins of the plains immediately adjacent to major river and creek banks showing
severe natural erosion by gullying and rilling; soils are severely eroded cracking clays,
Cununurra clay eroded phase; dense woodland of L. cunninghamii, Acacia sp. aff. bidwillii and
grasses, mainly T. triandra and S. nervosum.
Location: Ivanhoe, Weaber and Keep Plains.
Land unit 8
Narrow low-lying strip along the edge of the clay plain near the Sandy Land System,
seasonally inundated; soils enormously variable, but include Milligan, Aquitaine and mottled
clays; microrelief can be pronounced with amplitude of up to 40 or 50 cm; vegetation is E.
microtheca and E. parvifolia.
Location: This unit was originally described for the Ivanhoe Plain, but later subdivided into
two phases, 8a and 8b.  The Weaber Plain was mapped using units 8a and 8b but where
information was not available, the 8 nomenclature was retained.
Land unit 8a
Complex depressed peripheral zones adjoining unit 8b on Sandy Land System; soils very
variable, but mainly heavy clays, seasonally inundated; vegetation mostly E. parvifolia and
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E. microtheca.
Location: Ivanhoe and Weaber Plains.
Land unit 8b
Complex zone between unit 8a and Sandy Land System; soils very variable, mostly duplex;
vegetation mainly woodland with E. polycarpa and E. microtheca.
Location: Ivanhoe and Weaber Plains.
Land unit 9a
This is a complex association of soils, most commonly Cununurra clay alkaline phase,
Walyara and intergrades.  Gunn (1969) indicated that Walyara soils are found on low gravelly
rises and in linear belts which are almost certainly remnants of old levees and channels.  After
clearing, levelling and cultivation, Walyara soils and intergrades are difficult to detect.  Walyara
soils comprise about 40% of the area, and individual occurrences are up to 20 m across.  The
native vegetation includes large dense L. cunninghamii, E. clavigera and C lanceolata.
Location: Southern Province of Ivanhoe Plain.
Land unit 9b
This is similar to 9a and contains an association of Cununurra clay alkaline phase, Walyara and
intergrades between them.  However, the proportion of Walyara soils is only about 20%.
Individual occurrences tend to be of linear orientation up to 3 by 6 m.  Eucalypts are not
usual, but L. cunninghamii and C. lanceolata are common.
Location: Southern Province of Ivanhoe Plain.
Land unit 9c
This is very similar to unit 4c but has different soils.  It consists of a weakly gilgaied pattern,
with Cununurra clay alkaline phase in depressions and intergrades with Walyara soils
elsewhere.  Walyara soils are only about 2%; much less than for units 9a or 9b.
Location: Northern Province of Ivanhoe Plain and Western Province of Weaber Plain.
Land unit 10a
This unit is rare but distinctive.  Its origins are uncertain, but it was probably an old stream
bed.  The soil is basically Cununurra clay leached phase but contains abundant coarse sand
throughout and a surface veneer of up to 80% siliceous sand and gravel.  Soil pH is <7.0 for
the top 20 cm; has a brittle, lightweight character when dry, and seems to have a low capacity
to store moisture.  It is underlain by coarse sand.
Location: Ivanhoe Plain between Frank Wise Institute and Martin’s Swamp.
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Land unit 10b
This is similar to unit 10a but contains less sand.  It is likely that these areas are also
associated with old sandy stream beds.  Soils are mainly Cununurra clay leached phase, with a
little coarse sand throughout the profile and a lightweight brittle character when dry, similar to
10a.  Some intergrades with Weaber soils occur close to units 2c and 2e.
Location: Ivanhoe Plain Northern Province and Weaber Plain Western Province.
Land unit B/s
This unit consists of billabongs or swamps.  Those encountered were linear depressions about
1 m below the regular and uniform cracking clay plains. Great blocks of calcic stone (to 150 cm
across and 50 to 80 cm thick), possibly exhumed fragments of the petrocalcic horizon found
nearby were strewn about the depressions, which were dry in August.
Location: Weaber Plain Western Province.
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Distribution of land units and soil types
From examination of the land units and soil types over the Weaber Plain, there seems to be
good reason for dividing the area into Western and Eastern Provinces as the Ivanhoe Plain has
been divided into Northern and Southern Provinces.  It is highly likely that the Northern
Ivanhoe should be combined with the Western Weaber Plain into one geomorphic and
classification entity, and the Eastern Weaber Plain with the Western Keep River Plain.
The line of separation between the Western and Eastern Provinces of the Weaber has been
made along an arc north-west from the eastern side of the Sorby Hills, swinging back to the
north-east and joining the Weaber Range.
Table 4 shows reasons for this division.  Although the major soil and land unit types are
present in both provinces many minor land units and soil types are found exclusively in the
west or east.
The soils of the Eastern Province appear better drained than the Western Province, by way of
Knox Creek in the south and Border Creek in the north.  There are no important drainage lines
in the west.  As a consequence, land units 5d and 4e are present (absent in the east) and a
higher proportion of wetter units 5a and 5b.  The Aquitaine white phase, thought to represent
rather severe hydromorphic soil-forming conditions, is found only in the west.
The west includes a large dolomitious outcrop called Folly Rock that has influenced soil
development nearby.  Large areas of unit 9c are adjacent, and immediately to the north is the
only petrocalcic phase of Aquitaine soil.
Land unit 6 is found only in the Western Province.  Aldrick et al. (1990) described Walyara
soils in the Northern Province as being transitional to cracking clays rather than clear examples
of the Walyara soil.  They did not describe land units 9a or 9b in their Northern Province.
This corresponds to the soil mapped in the Western Province.
No examples of land unit 9 occur in the Eastern Province of the Weaber Plain.  Unit 10b has
been recorded only in the Northern Ivanhoe and the Western Weaber Provinces.
Unit 4 in the west is the result of outwash from the adjacent Cockatoo Land System.  In the
east, unit 4 tends to be associated with former landscape remnants such as unit 2 soils, Weaber
and Bonaparte soils.
Unit 4 occurs more frequently in the Western Province of the Weaber Plain than on either the
Southern or Northern Provinces of the Ivanhoe Plain.  This is because these units are often
associated with outwash from surrounding ferruginous sandstone hills which are more
common around the Weaber than the Ivanhoe, which is bounded on one side by the Ord River
in place of the Sandstone Ranges.
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Carroll (1947) quotes from Burvill that at one time the Ord probably flowed east and then to
the sea in a north-north-easterly direction.  Uplift was thought to have dammed the outlet to
the second river, resulting in a large swamp or lagoon.  At the same time, this uplift is said to
have rejuvenated the drainage near Wyndham and a small river was able to cut back to the
original Ord.
Aldrick and Moody (1977) disputed this because the alluvial material forming the plains is of
riverine rather than lacustrine origin.  However, they agreed that the Ord River did once exit to
the north-north-east, but was captured and now departs to the north-west, joining the sea near
Wyndham.  This chronological discontinuity is responsible for the definition of two provinces
on the Ivanhoe Plain.
In view of the soil and land differences between the east and west of the Weaber Plain, it
seems possible that the Keep River once worked the entire Weaber Plain east of the Sorby
Hills and north to the Weaber Range.  A sequence of development could be:
1. The Ord River exited to the north-east through the Weaber and Keep River Plains.
2. The Ord was captured by a westerly flowing river.  This left the north of the Ivanhoe
Plain and the Western and Eastern Provinces of the Weaber Plain ‘frozen’, while the upper
reaches of the Ord were still reworking the Southern Province of the Ivanhoe Plain.  This
would explain the presence of older and different sets of soils in the Northern Province of
the Ivanhoe and their similarity to the Western Weaber.
3. At some time after the departure of the Ord, the Keep River reworked or continued to
rework the Eastern Weaber and Keep River Plains sufficiently to produce a homogeneous
set of soils and land units in these areas.
4. Sandy Creek was, and is, distinct and large enough to influence soil formation in its
vicinity and produce the distinct soil set that is found adjacent.
If the Keep River Plain is treated as a separate province, four distinct geomorphic zones can
be identified over the Weaber, Ivanhoe and Keep River Plains:
• Ivanhoe Plain (Southern Province);
• Ivanhoe Plain (Northern Province), Weaber Plain (Western Province);
• Weaber Plain (Eastern Province), Keep River Province;
• Sandy Creek Province.
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Table 4.  Distribution of land units over the Ivanhoe, Weaber and Keep River Plains.
Land unit Ivanhoe Weaber Keep Keep
Southern Northern Western Eastern Sandy Creek
1 x x x
1a x
1b x
2a x
2b x x x
2c x x x
2d x x x
2e x x
3a x
3a1 x
3b x
3c x
3d x
4a x x x
4b x x x
4c x x x
4d x x
4e x x
4f x
5a x x x x x
5at x
5b x x x x x
5bt x
5c x x x x x
5d x
6 & R x x
6a x
6d x
7a x x x x
7b x x x x
8 x x
8a x x x x
8b x x x x
9a x x
9b x
9c x x
10a x
10b x x
B/s x
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Figure 2. Geomorphic zones of the Ivanhoe, Weaber and Keep River Plains.
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Chemical and physical properties of soils
Parbery  et al. (1968) and Gunn (1969), working from Kimberley Research Station, showed
that Cununurra clay is a calcareous soil with the exchange complex 90 to 100% base saturated,
predominantly with calcium but also with some magnesium.  Exchangeable sodium is negligible
in the upper 60 cm but increases to 15 to 20% of the exchange capacity below that depth.
Antagonistic effects between major and minor elements can cause deficiency of an element in
plants even though soil analysis indicates that element is present in sufficient quantity.
Addition of urea and phosphates have been shown to affect uptake of zinc and iron, in
addition to the prime determinant in zinc availability which is the level of bicarbonate anion in
the soil (depending on moisture levels and their duration).
Manganese toxicity could become a problem in the presence of organic matter in soils of about
pH 8.0 under flooded conditions.  (The descriptions of manganese nodules in some profiles
tend to indicate that high levels of manganese are at least feasible.)
Jacobson (Kimberley Research Station Annual Report 1971-72) showed that the soil was
poor in nitrogen and phosphorus.  Iron, copper and zinc were present at marginal
concentrations.  On Kimberley Research Station zinc and iron deficiencies were found
responsible for rice disorders, the critical soil level for zinc deficiency in rice was 1.5 ppm.
A survey of the zinc status of Ivanhoe and Weaber Plains soils (148 samples, 0 to 15 cm)
showed ammonium bicarbonate extractable levels ranging from 0.1 to 0.9 ppm with 90% of
values <0.4 ppm.  On this basis, zinc deficiency can be expected in rice throughout this
portion of the Ord River Irrigation Area.
Trials on Kimberley Research Station (Annual Report 1972-73) identified three sites as highly
deficient, moderately deficient and slightly deficient.  A fourth ‘non-deficient’ site served as a
control.  These soils were mapped by Gunn (1969) and classed as uniform Cununurra clays,
but were agronomically different.  It seems that the distinction between zinc deficiency and
sufficiency in Walyara and Cununurra clays is not clearly defined even though zinc deficiency
is associated with the bicarbonate ion, which is in turn linked with pH.
Because of high pH, a governing factor in phosphate nutrition is likely to be the formation of
insoluble or slightly soluble complexes with calcium.  The pH should preclude sequestration
of the anion by iron or aluminium.  Absorption to the clay mineral is unknown.
Soils appear to have naturally high levels of potassium, which is attributable to the micaceous
nature of the subsoils.
Differences of up to 1 pH unit have been found between pH recorded in the field with the
Raupach kit, and those measured in the laboratory using a 1:5 H2O extract.  Differences
between two laboratories, both using 1:5 H2O extract, were much less.
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This variation could be partly due to sampling error.  The Raupach technique may not be as
repeatable as the 1:5 H2O extract and changes under certain (unknown) soil conditions, as
maintained by W. Porter (personal communication).  Changes may occur in the soil sample
between sampling point and laboratory as suggested by G. Scholz (personal communication).
The pH values recorded in this study, while accurate as measured, are indicative, particularly
when trying to assign a soil to a particular family.
Soil salinity and sodicity
Salinity of the soils on the Weaber Plains needs to be considered from three aspects:
• pre-existing salt levels in soil normally exploited by plant roots
• likelihood of salt accumulating in the root zone after prolonged irrigation
• effect of irrigation on groundwater recharge, and the possibility of rising groundwater
bringing salts to the surface.
Existing salt levels within the soil profile
Salt determinations from soil samples collected on the Weaber Plain were based on the
conductivity of the 1:5 H2O extract.  The level for concern is about 0.4 mS/cm.  In none of the
profiles analysed was the value more than a quarter of this level.  However, at depths below
the normal root zone, salinity exceeded this level.  For example, at site AC at the 170 to 220
cm interval, conductivity was 3.84 mS/cm.  On the basis of limited sampling within profiles,
there is no reason to prevent development, however, soil texture strongly influences the level
at which the salinity effects will be felt, as shown by Table 5.
Salinity levels were measured at representative sites across the Weaber Plain (Figure 3) and are
shown in Table 6.
Table 5. Relationship between soil texture and critical salt levels
(Daniells and Larsen 1991).
Approximate field texture Clay content
(%)
Average EC 1:5 mS/cm above which salinity
will reduce cotton yield
Loams 20 0.55-0.80
Clay loams 30 0.65- 0.90
Light clays 40 1.80-1.00
Medium clays 50 1.00-1.25
Medium heavy clays 60 1.10-1.45
Heavy clays 70 1.45-1.70
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Table 6. Salinity levels at representative sites.
Site Horizon % Clay EC 1:5
mS/cm
ECe mS/cm (est) Salt level
AB A11 78.0 0.067 0.402 low
A12 76.1 0.096 0.576 low
A13 62.6 0.617 3.702 moderate
AC 78.0 3.840 23.040 extremely high
AO A1 11.1 0.028 0.392 low
A2 14.5 0.031 0.341 low
B1 15.5 0.030 0.300 low
B21 44.3 0.058 0.580 low
B22 50.0 0.084 0.588 low
235-280 40.5 0.127 1.016 low
CG A11 55.8 0.084 0.588 low
A12 39.1 0.161 1.288 low
A13 43.5 0.720 5.040 high
AC1 24.9 1.150 11.500 extremely high
CM A11 67.5 0.073 0.438 low
A12 - 0.082 0.574 low
A13 45.4 0.863 6.041 very high
AC 31.5 1.421 12.789 extremely high
160-200 35.0 2.110 18.990 extremely high
200-280 32.6 3.100 18.600 extremely high
CW A11 63.2 0.580 3.480 moderate
A12 36.6 0.113 0.678 low
A13 40.3 0.164 0.984 low
CX A11 57.8 0.097 0.679 low
A12 40.6 0.124 0.744 low
A13 24.5 0.181 1.086 low
AC1 28.4 0.684 4.104 high
DU A1 15.6 0.030 0.300 low
A2 53.2 0.052 0.468 low
B2 45.2 0.073 0.657 low
210-290 12.5 0.240 2.640 low
DJ A1 0.060 0.840 low
A3 26.1 0.065 0.585 low
B1 43.2 1.000 0.700 low
B2 57.0 0.058 0.348 low
120-200 53.5 0.056 0.392 low
EC A11 71.5 0.121 0.726 low
A12 43.8 0.097 0.679 low
A13 35.0 1.590 14.310 extremely high
Editor’s note: Data for site CH not supplied.
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Figure 3. Location of representative soil sites.
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It may be preferable to convert these figures into approximations of the ECe of the saturated
extract.  Sensitive plants such as maize suffer no yield reduction until ECe levels approach
1.7 mS/cm.  Moderately tolerant crops such as rice will not suffer until Ece nears 3.0 mS/cm,
while tolerant crops such as sorghum or cotton show no yield reduction until ECe levels reach
4.0, or 7.5 to 8.0 respectively.  A 10% yield reduction could be expected for sugarcane where
the ECe level reaches 3.0 mS/cm, and a 50% reduction at 9.5 mS/cm.
In general terms, a scale is used such that ECe values:
0 to 2 mS/cm low salinity
2 to 4 mS/cm moderate salinity
4 to 6 mS/cm high salinity
6 to 8 mS/cm very high salinity
>8 mS/cm extremely high salinity.
This seems appropriate when land is being appraised for general irrigated agriculture, which
will include both salt-sensitive and tolerant crops.  The conclusion from limited data is that the
surface soils in their virgin state present no obstacle to agriculture.
The effects of irrigation on the salt bulge which appears in the lower horizons needs to be
considered as it was by Smith (1964) and T.C. Stoneman (pers. comm.) in extensive salinity
surveys on the Weaber and Keep River Plains.
The salinity criteria applied were in relation to cotton (which can tolerate salinity two or three
times higher than more sensitive crops such as maize and peanuts) and were:
Low hazard <0.10% (ECe 3.4 mS/cm) NaCl at any depth to 2 m
Moderate hazard <0.15% (ECe 4.5 mS/cm) NaCl in the top 0.5 m (and higher
levels with depth)
High hazard >0.15% NaCl (ECe 4.5 mS/cm) in the top 0.5 m and salinity
levels increasing rapidly with depth.
Testing of a limited number of samples from potential Ord irrigation areas has provided the
correlation shown in Table 7.
Table 7. Correlation between percentage sodium chloride content and electrical
conductivity.
% NaCl ECe (mS/cm)
0.77 16
0.50 11
0.40 9.3
0.33 8.0
0.30 7.5
0.20 5.6
0.15 4.5
0.12 4.0
0.10 3.4
0.05 1.7
0.01 0.42
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Likelihood of salt accumulation in the root zone
The clay soils contain at least 50% montmorillinitic clay.  Soils swell after wetting and have
very low permeability.  Under long-term irrigation or when appreciable quantities of salt are
already present, salt could gradually accumulate within the profile.
Smith (1964) studied salinity movements on Cununurra clay soils at Kimberley Research
Station.  Block 4 had received a total of 51.8 ML of irrigation over 10 years almost entirely for
rice production where annual increments were in the vicinity of 7.4 ML, and a head of water
was maintained on the surface for considerable periods.  Block 3 had been cropped to various
grains with furrow irrigation and a total application of 32.1 ML; and annual water increments
about 3.7 ML.  Virgin soil north of Block 4 did not receive water at any time.
Smith determined that there had been no appreciable penetration of the wetting front below 1
m in the furrow irrigated soil but that long periods of inundation under rice produced deep
penetration.  It was not known to what extent this penetration was due to the method of
application or the quantity applied.  In the same study Smith concluded that heavy increments
of water for rice had not caused any pronounced build-up of salt despite a total addition of
more than 4,900 kg of NaCl.
On Block 3 which had received only half the total water there were clear indications of salt
build-up at depths below 120 cm.  Calculations showed that the salt increment between 120
and 240 cm was approximately equal to the total applied with the irrigation water (although it
was felt that there was no danger of this rising to the surface).  The net direction of moisture
gradients between the two systems was thought to account largely for the differences between
the systems.
Smith concluded that there was no evidence of upward salt movement after irrigation and that
the basis for assessing the suitability of Cununurra clay for irrigation should be the initial salt
content within the root zone.
In recent years, improvement in irrigation efficiency has reduced water movement into the soil
profile during irrigation.  As a result, it will be necessary to ensure that adequate leaching is
maintained through a combination of irrigation and wet season rainfall, to prevent upward
movement of accumulated salts.
Stoneman concluded that salinity is not the only consideration, but the exchangeable sodium
percentage (ESP) of the soil and sodium absorption ratio (SAR) of the irrigation water also
require attention.  Although the SAR and total salts of the irrigation water were low and large
application results in low salt throughout the profile, ESP (measured on samples collected by
Smith in 1964) rose to very high levels with increasing irrigation.
At the time, the bicarbonate levels in the irrigation water were quite low e.g. 2.7 meg/L.
Stoneman hypothesised that the bicarbonate in irrigation water, combined with waterlogging of
a soil that contains calcium carbonate throughout most of its profile, could lead to changes in
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the cation composition of the irrigation water.  It was suggested that bicarbonate would cause
precipitation of some calcium and magnesium in the upper profile thus producing water of
higher SAR, which would then leach through the subsoil.
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Possibility of groundwater recharge
In 1965, the Public Works Department provided the Department of Agriculture with bore data
over the Weaber Plain.  (The full logs are held on WADA file 617/63.)  These data are
absolutely critical to discussion of their long-term irrigability.  In summary, 15 bores were
sunk over both the Weaber and Keep River Plains to a depth of 21.6 m unless stopped by
rock.  Of these, nine were dry and 19 were wet or moist.  Salinity levels were usually low,
moderate in a couple of instances, and extremely high in one case.  Data are summarised in
Figure 4 and Table 8.
When considering groundwater salinity the main concern would be over-irrigation and water
loss from canals and drains leading to massive groundwater recharge.  This should be
monitored if developments are to proceed.
The very high salinity of Site 6 and the moderate levels of B4W1 and 2 are cause for concern.
This could be sufficient justification for a more regional investigation to determine:
1. the likely fate of any leakage from over-irrigation;
2. the possibility of a regional groundwater system along the course of the Ord and Keep
Rivers towards the coast.  Site 6 is close to the Keep River and groundwater could be
linked to the ocean in some way.
The PWD logs show that to a depth of 21.6 m, the profiles are usually alternating layers of
pebbles and stones, silt, shingle and sand, but with clay predominating.
In other work 30 bores were sunk across the plain to a depth of 180 cm and sodlium chloride
levels measured.  The results are shown in Figure 5.
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Figure 4. Location of PWD deep bores.
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Figure 5. Sodium chloride levels at PWD bore sites.
Legend
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Table 8.  Depth to water and salinity of water in PWD deep bores.
Bore Depth (metres)
Depth at which
water first
encountered (metres)
Salinity status
(mS/cm)
1 21.6 uncased
2 21.6 18.5 1.98
3 21.6 moist
4 21.6 moist
5 20.0 12.3
6 21.6 15.8 218
7 19.1 16.1
8 12.3 dry
9 12.6 dry
10 9.8 dry
11 19.1 dry
12 9.2 dry
13 16.6 dry
14 21.6 18.5 0.26
B4 21.6 wet
B4W1 21.6 17.2 3.29
CS8 22.2 16.0
CS12 21.6 16.6 0.48
CS12 E5 21.6 19.2 0.49
CS12 E1 14.8 dry
CS10 21.6 17.2
CS14 10 dry
CS16 3.1 dry
G1 17.2 dry
W2 15.1 10.7 0.19
W7 14.3 dry
W15A 20.6 13.2
W16A 21.6 12.9
W16B 20.3 13.5
W16B1 20.3 13.5
Editor’s note: Values in Table 8 have been converted from the original figures in feet and
inches and parts per million.
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George and Laws (1982) made a hydrogeological assessment of the Weaber Plain section of the
Ivanhoe Land System, and concluded that groundwater level in some areas was increasing at
up to 1 m/year.  They recommended redevelopment of the piezometer network and regular
monitoring as the first step in its management.
McGowan (1986) concluded that while groundwater levels have stabilised in the southern
Ivanhoe Plain due to the presence of permeable ground strata, they have continued to rise over
much of the north.  Hydrogeological characteristics on the Weaber Plain are similar to the
northern Ivanhoe Plain so a similar rise in groundwater might follow irrigation in this area.
Due to the nature of the strata and the large distance to discharge areas, groundwater discharge
from the Weaber Plain is low.  Therefore water levels would rise rapidly in response to
irrigation water recharge.  Calculations have indicated that water levels would rise at from
1 m/year and under ‘worst case’ conditions at much greater rates  in response to irrigation.
These figures assume a number of factors, including the likely efficiency of the irrigation
system.  The Weaber Plain therefore represents a fragile groundwater environment on which
irrigation should proceed only with very careful control.
Laws’ recommendation (1992) for groundwater management on the Ivanhoe Plain can be
extended to the Weaber Plain.  Prevention of problems can be achieved by reducing recharge to
balance crop use.  It may be achieved by one or a combination of the following:
• improving irrigation efficiencies;
• sealing leaky channels and drains;
• redirecting drainage water away from non-irrigated areas.
To this may be added:
• only irrigating areas where suitably transmissive subsoil layers are present;
• avoiding areas with shallow groundwater or suspicions of saline soils;
• concentrating development on the western end of the plain;
• preference for high water-use crops.
However even the best management practices result in some leakages from irrigation.
Therefore developing options for the removal of groundwater must be considered prior to
irrigation development to keep the infrastructure costs to a minimum.
Since Laws’ recommendations were published, watertable levels have continued to rise over
significant areas of the Ivanhoe Plain.  A model is now being developed to define solutions to
the problem, and it is proposed to adapt this for use on other areas within the ORIA and for
management planning on potential new areas including the Weaber Plain.
Ayers and Westcot (1976) considered guidelines for water quality in relation to sodicity, and
contended that for montmorillonitic clays, SAR levels greater than 9 (of water) will result in
severe structural problems.  George concluded that half of the groundwater on the Ivanhoe
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Plain had an SAR well above 9, which would result in structural problems and hamper salinity
management.
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Land use interpretation
As a general development principle it seems wise to maintain maximum flexibility, only
developing, or first developing, those soils which present the least agronomic problems.  This
means that when the price of one commodity is low, the farmer can switch crops, and even in
favourable economic climates, will have lower costs, less risk and higher profit.
To this end it is recommended that the land units be developed in the order:
1, 1b, 1a, 5d, 5b, 5a.
Other areas are spatially insignificant and cannot be considered; except when the major land
unit is developed.  As far as possible these inclusions should be left as reserves etc.  The
specific problems with each land unit are discussed elsewhere, or in reports by Aldrick and
Moody and/or Aldrick et al.
The patches of Red Soils and Red-brown Earths should not have channels or drains through
them as there could be (with the lighter examples) considerable seepage losses.  These areas
carry some of the more attractive trees (e.g. Brachychiton diversifolius, Terminalia latipes and
Eucalyptus papuana) that break the general monotony of the clay plains and should not be
planned as irrigable land but maintained as a public utility or for passive recreation.  Some of
these areas may suit facilities such as processing plants or packing sheds.
General comments have been made about the physical problems associated with farming
heavy clay soils.  These include high wear and tear on implements and tyres, high energy input
to draw implements through the soil, and many passes for the desired result.
Farmer experience on the Ivanhoe Plain (the soils of which are so similar to the Weaber that
extrapolation can be safe) has shown that the Cununurra clays are much more workable than
the Aquitaine soils because of better structure and better superficial drainage.  This means
natural rainfall and irrigation can be more readily controlled.
Generally, the soils of unit 1 are Cununurra clays which have about 40% clay and often a self-
mulching surface layer some centimetres deep.  Land unit 5 is mostly Aquitaine soils,
containing around 70% clay.  They do not have the same self-mulching layer causing a poorer
tilth with much larger polypeds.  Internal drainage on the Aquitaine soils is extremely slow
compared with very slow for the Cununurra clays.  Aquitaines are often inundated for several
weeks over the wet season, as evidenced by the ‘tidal rings’ on the trees, often to 30 cm.
Cununurra clays are seldom inundated.
Over the entire Weaber Plain gradients are very low.  On the Cununurra clays they are realistic
for water management, while the Aquitaine gradients tend to be <0.03%, which makes
management much more difficult.  To the north-west of datum CS12 there is no consistent fall
in any direction; but discrete humps and depressions.  In this respect this area is very similar
to Martin’s Swamp and Green Swamp on the Ivanhoe Plain.
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From datum CS12, in a line running north-east over the first 3 km, the gradient is 0.03%, over
the next 1.5 km it is 0.06% and into the trees of unit 5 through to the foot of the hills the
gradient reverts to 0.03%.  On the Point Springs North Road the gradient is 0.06% from the
Keep River Road intersection to the tree line (through land unit 1) and through the trees to the
foot of the hills it is 0.001%.  From the junction of the Keep River Road and the Point Springs
North Road running south-east to the hills the gradient is 0.024%.  This includes some
grassland and woodland.
From B4W1 running north-east to the border the gradient is 0.06% through land unit 1.
Running south from the same point the gradient is 0.035% and 0.07% for the first and second
intervals of 1 and 0.75 km respectively.  This line passes through land unit 1.
This indicates that the timbered land has the lowest grades, usually <0.03%, and the grassland
has the highest, usually >0.03%.  Assessment of Martin's Swamp by the Department of
Agriculture concluded that the absence of suitable gradients meant extensive grading would be
required to make the land suitable for farming.
It is possible to extrapolate from the Ivanhoe Plain experience and conclude that units 5a, 5b
and 5c on the Weaber Plain will face similar problems not present on land unit 1.
We conclude therefore that land unit 5 is inherently disadvantaged for irrigated agriculture
compared with unit 1.  As far as engineering considerations permit, it is desirable that land unit
1 be developed first.  This should permit the cheapest farming in terms of development and
running costs.  The better soils of unit 1 should suit a greater range of crops and offer greater
flexibility, which may affect ultimate viability.
Research into plant/water relationships on the clay soils is likely to be highly rewarding.
McDonald (1969) said of the Nogoa River soils which he surveyed:
“Edaphic trials are required within an irrigation area to identify the soil
properties that correlate best with yield, allowing the development of a
functional relationship between them and yields.”
This would not only facilitate planning and location of cropping, but lead to greater awareness
of the requirements of the specific crops in terms of soil factors which would then improve
knowledge, understanding and potential management.
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Agronomy and management of heavy clay soils
A wealth of information has resulted from cultivating the Cununurra clays, first on Kimberley
Research Station and then commercially on the Ivanhoe Plain.  Because of the great similarity
between the Ivanhoe and Weaber Plains, this experience is relevant to future agriculture on the
Weaber Plain.
The more important characteristics common to all swelling clays are those arising from the
high content of clay size particles, expanding lattice clay minerals.  Commonly the clays are
self-mulching, forming a thin surface layer of loose dry granules following repeated light
wetting and drying (Beckmann et al. 1972).
The heaving property of the clay soils means that fence posts and power lines need to be
buried deeply lest they be forced to the surface.  Sheds and similar structures require a
specially prepared base.  Formed earth roads suffer from poor trafficability and damage during
the wet season due to the swelling nature of the clays, and flooding due to the generally low
relief of the plains.  It could be preferable from an engineering view to locate the roads along
the margins of the plains and not through the centre as was done on the Ivanhoe Plain.
Tillage of these heavy clays can be difficult.  The moisture range for optimum tillage is narrow,
with adhesion of moist soil to implements when too wet and high power requirements if too
dry.  This is particularly relevant for Aquitaine soils.  A dry soil results in high implement
draft, wheel slip and fuel consumption.  These conditions are associated with the considerable
strength of the dry soil high in clay.  This strength also accelerates wear on implement points
and tractor tyres.
Despite this, soils on the Department of Agriculture experimental farm are normally cultivated
dry to achieve a better tilth.  Even a little moisture causes large clods to be turned up during
ploughing (A. Garside, pers. comm.).
Although infiltration tends to be high in the deeply cracked soils it is questionable whether
this state could be achieved where much water is applied.  The soil has no opportunity to
develop deep cracks.  Stirk (1954) found that cracks did not form in these soils until they were
rather dry, with a moisture potential of about pF 4.5 and thus these cracks would not manifest
their beneficial effects on the hydraulic conductivity of the soil.
Generally, infiltration rates in swelling clay soils are low.  The magnitude of subsoil
conductivity is about 10-7 m/sec.  The implication is that water must stand on the surface for
extended periods for the wetting front to penetrate to any appreciable depth, resulting in
waterlogged or anaerobic conditions to which the young plants and legumes can be particularly
sensitive.
The low hydraulic conductivity means that through-flow is minimal after an irrigation event,
and it would be difficult to achieve leaching of (introduced) salts from the root zone.
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Fortunately, irrigation waters are of high quality and this does not appear to be a major
problem.
Petrocalcic horizons were found in two poorly drained localities near the edge of the Weaber
Plain.  Although the heavy clays have very low hydraulic conductivity a petrocalcic horizon
would probably be even less permeable, accentuating problems of waterlogging and salt
accumulation under irrigated agriculture.  Where this horizon is close to the surface it could
provide a physical barrier to deeper rooting crops and predispose any crop to early water
stress.
The first occurrence was in land unit 5a, to the north-west of the plain where some flooding
occurs and surface drainage was generally very poor.  This horizon was found at 1 m.  It is
thought that large calcareous clay stone ‘floaters’ in the dry billabongs nearby were fragments
of this petrocalcic horizon.
The second area was in the north-western corner on unit 4e in a zone with no appreciable
drainage in any direction.  This petrocalcic horizon was deeper, at about 190 cm, and overlain
by a gypsic horizon, the inverse of normally expectation.
The precise extent is not known.  Because it is close to the surface and may come even closer
with land forming, it is proposed that all land to the north-west of the bigger of the two
billabongs be treated with circumspection and not allocated for farming until more information
is available.
Several cases of subplasticity were encountered, most commonly in the Red-brown Earths and
Red Earths.  Subplastic behaviour was also found in the C horizons underlying an Aquitaine
soil and a Cununurra clay from the Grey, Brown and Red Clays.
Table 9. Grades of subplasticity encountered.
Subplasticity
Site From To Horizons Order of subplasticity Soil type
DU lC hC B2 II Bonaparte
DJ L hC B2 III Bonaparte
AV SL SCL B III Bonaparte
AZ2 CS SCL A3-C III Weaber sandy
AW2 CS SCL C III Cununurra clay
CJ SlC ShC C II Aquitaine
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Previous reportings of subplastic behaviour come from south-eastern Australia, usually in
drier regions, and developed on aeolian clay deposits or basaltic soils (Butler 1976).  On the
Murrumbidgee Irrigation Area, the presence of subplastic behaviour appears to relate strongly
to success in irrigated horticulture.  In south-eastern Australia, subplasticity is most prevalent
in red soils, mainly the Red-brown Earths and Red Earths (McIntyre 1979).  The Weaber
Plain experience concurs with this.
Observations by Brewer and Blackmore (1976) indicate possible correlation between the
percentage of strongly oriented clay in the matrix, and the degree of subplasticity in some soil
groups.  However the literature is not sufficiently comprehensive for conclusions about the
possible causes.
The presence of gilgai necessitates a higher degree of land forming than would be otherwise
necessary.  Gilgai can range from a few centimetres to nearly 1 m high, with a frequency up to
perhaps 20 m on the Weaber Plain.  There are two types: nuram and mukkara (Paton 1974).
Nuram gilgai presents only physical problems.  The chemical aspects are associated with
mukkara, with frequently high pH and high free carbonates in the soil.  On the Weaber Plain
mukkara was found most frequently as a halo about islands of red soil and as such could be
planned out of most farms.  Nuram gilgai is found in the body of the plain but most commonly
of low altitude and amplitude and mostly deserves no special attention.
Considering changes in soil structure with time of cropping, Stoneman (personal
communication) noted that physical determinations from seven sites representing different
cultivation histories failed to demonstrate any relationship between soil physical conditions
and cropping history.  He believed that it was improbable that further soil sampling was likely
to demonstrate physical deterioration in cropped compared with virgin soils.  He concluded
that sampling from selected sites or specially imposed treatments could indicate agronomic
practices to improve the physical condition, e.g. pasture ley.
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Glossary
Argillic: Pertaining to clay or clay minerals.  Used to describe a soil horizon characterised by
an illuvial accumulation of clays.
Cutan: A modification of the texture, structure of fabric at natural surfaces in soil materials.
Gilgai: Mounds or depressions showing varying degrees of order.
Humic: Derived from plants; carbonaceous.
Kaolinite: A common clay mineral, often white in colour, from which porcelain can be made.
Mica: A mineral group consisting of phyllosilicates with sheet-like structures.
Montmorillonite: A group of clay minerals characterised by swelling in water and extreme
colloidal behaviour.
Petrocalcic horizon: Calcium nodules or concretions cemented into blocks or large irregular
fragments.
Phase: A form (of soil) differing in some minor respect from the dominant or normal type.
Sand lens: A sand body having the general form of a convex lens.
Slickensides: Stress cutans with smooth striations or grooves.
Smectite: Clay mineral group synonymous with montmorillonite.
Subplastic: Increase of one or two field texture groups after 10 minutes kneading.
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Appendix 1: Chemical and physical analyses of
representative profiles
This collates data from sites chosen to represent the most important soil types on the Weaber
Plain.  The data indicate some properties for potential users.
Table 10. Soils types at representative sites.
Site identification Soil family Phase
AB Aquitaine Bluish/White intergrade
AO Benton Normal
CG Cununurra clay/ Aquitaine Leached/Greyish
CH Cununurra clay Normal
CM Aquitaine/
Cununurra clay
Greyish/Leached
CW Cununurra clay Leached
CX Cununurra clay Alkaline
DJ Bonaparte/Weaber Sandy/
Gravelly intergrade
DU Bonaparte Normal
EC Aquitaine White
Determination of exchangeable calcium in the presence of gypsum and calcium carbonate
presents problems and requires special techniques.  Samples were analysed using the
techniques of Tucker (Laboratory Procedures for Cation Exchange Measurements in Soil,
CSIRO Division of Soils Technical Paper 23/1974) and exchangeable calcium figures obtained
by subtracting exchangeable magnesium, sodium and potassium from measured cation exchange
capacity.
Cation exchange capacities of montmorillonitic and illitic soils increase with higher pH due to
surface hydrolysis.  Values of cation exchange capacity reported here were measured at pH 8.5
and are generally higher than those obtained at pH 7.0.  Values of cation exchange capacity at
pH 7.0 for 24 of these samples are listed in brackets.
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Site: AB AMG Zone 52, 489450mN, 8295970mE
Great Soil Group Grey, Brown and Red Clays
Principal Profile Form Ug5.29
Family Aquitaine
Phase Bluish/White intergrade
Type of observation Pit
Site surface and vegetation
Towards the edge of a broad, alluvial plain subject to seasonal inundation and ponding for
some weeks.  Land crabs present.  Gilgai to 30 cm.  Very flat Aquitaine bluish phase soil.
Woodland with Eucalyptus microtheca, Excoecaria parvifolia, Cathormion umbellatum,
Sorghum stipoideum, Hibiscus panduriformis.
Profile description
Horizon Depth (cm) Description
A11 0-10 A dry, very hard, light to medium clay with fine, granular structure, rapid
permeability, rough-ped fabric, colour 10YR 5/1 and rusty root line mottling;
pH 6.75.
A12 10-90 A dry, extremely hard, light to medium clay with fine to medium angular
blocky structure, very slowly permeable; frequent carbonate nodules to 3 mm
diameter, smooth-ped fabric and common, well developed slickensides
determining the ped faces; faint mottling, occasional very fine manganese
nodules; 2.5/2Y 4.5/2; pH 8.25.
A13 90-170 A slightly moist, very firm, medium clay with medium angular blocky
structure, smooth-ped fabric and frequent and strongly developed slickensides
determining the ped faces.  Carbonate nodules are very common and occasional
very fine manganese nodules; 2.5Y 5/1; pH 8.75.
AC1 170-220 A firm, medium clay with fine, blocky structure and very slowly permeable;
smooth ped fabric and common well developed slickensides and cutans on ped
faces; 10YR 5/4 and clear but faint, medium sized mottles of 7.5YR 5/4; hard
carbonate nodules 2 cm diameter and soft vertical cascades of carbonates to 10
cm long; frequent gypsum crystallaria usually associated with the interpedal
spaces; fine ferruginous specks common; pH 8.0.
AC2 220-360 A heavy clay, slightly moist and friable with a fine blocky structure, slowly
permeable and rough-ped fabric; rare carbonate nodules, 5% by volume gypsum
over the entire depth of the horizon; 2.5YR 4/3; pH 8.25.
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Chemical analysis of Profile AB
Horizon or depth of sampling A11 A12 A13 170-220
pH (1:5 H2O) 6.6 7.5 8.9 7.9
% <2 mm
Total soluble salts
Organic carbon, C
Nitrogen, N
C/N ratio
Calcium carbonate, CaCO3
Potassium, K
extractable in 6M HC1
0.02
0.74
0.049
15.1
0.40
0.03
0.33
0.023
14.3
0.39
0.21
0.26
0.016
16.2
1.2
0.39
1.3
0.1
0.53
milliequivalents per 100 g
Cation exchange capacity 51.3 51.6 55.0 49.2
(40.9)
Exchangeable cations
Calcium, Ca
Magnesium, Mg
Potassium, K
Sodium, Na
36.7
12.7
1.6
0.30
36.6
12.8
1.2
1.0
29.1
16.0
1.1
8.8
22.7
15.0
1.5
10.0
parts per million
Phosphorus, P
extractable in 6M HC1
extractable in 0.5M NaHCO3
150
8
120
3
91
2
83
Zinc, Zn
extractable in ammonium
carbonate EDTA
0.8 0.4 0.2
Sodium absorption ratio 0.5 1.8 12.6 12.4
Exchangeable Sodium Percentage 0.6 2.0 16.0 20.3
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Physical analysis of Profile AB
Horizon or depth of sampling A11 A12 A13 170-220
Clod bulk density
(100 cm H2O suction) 1.37 1.38 1.38 1.29
Aggregate stability
(Emmerson DI) 0 0 9 9
Moisture percentage
1/10 atm
1/3 atm
1 atm
15 atm
35.27
31.79
32.26
26.32
35.20
31.06
29.99
24.30
38.4
37.36
33.39
28.49
39.35
39.05
33.59
27.48
Bulk density
100 cm H2O
1 atm
15 atm
1.37
1.41
1.38
1.38
1.55
1.61
1.35
1.43
1.52
1.27
1.37
1.49
Volume change
(100 V1atm/VO)
(100 V15atm/VO)
97.17
99.28
89.04
85.72
94.41
88.82
92.70
85.24
Mechanical analysis
% clay (mm dia)
% silt (mm dia)
% fine sand (mm dia)
% coarse sand (mm dia)
% gravel (mm dia)
78.0
10.6
10.8
0.9
0
76.1
13.6
11.3
0.8
0
62.6
26.0
8.7
0.4
0.2
78.0
10.3
8.0
0.3
5.4
EC mS/cm (1.5 H2O 25°C)
pH (1:5 H2O 25°C)
.067
7.1
.096
7.8
.617
8.7
3.84
7.7
Clay mineralogy
quartz
kaolin
montmorillonite
illite
gypsum
plagioclase
calcite
feldspar
feldspar/amphibole
mica
15-25
10-20
50-60
0-10
0-10
10-20
55-65
0-10
0-10
24
10-20
50-60
8
5-15
22
10-20
40-50
8
5-15
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Site: AO AMG Zone 52, 485680mE, 8288240mN
Great Soil Group Red-brown Earth/Solodic Soil intergrade
Principal Profile Form Uc5.31 or Gu1.11
Family Benton
Phase Normal
Type of observation Pit
Site surface and vegetation
Smooth and flat, with a sandy surface layer and occasional rocks.  Open woodland, trees to
8 m.  Vegetation of C. lanceolata, E. microtheca, Terminalia sp., Eucalyptus sp. G (Wheeler),
Aristida latifolia, T. triandra and some Sorghum stipoideum.  Some deep surface cracks 1 to
2 mm wide.
Profile description
Horizon Depth (cm) Description
A11 0-1 Surface layer of loose sand; clear boundary.
A12 1-20 Dry, (5YR 3/5.4) slightly hard, loamy sand with massive structure, sandy fabric
and highly permeable, pH 5.75; clear boundary.
A2 20-60 5YR 4/7, a dry, slightly hard, sandy loam with massive structure, highly
permeable, sandy fabric, pH 6.25; clear boundary.
B1 60-90 Medium-sized mottles with indistinct boundaries. 5YR 4/7 and mottles 10YR
5/2.  Sandy clay, dry, very hard, massive; highly permeable, sandy fabric, pH
6.5; diffuse lower boundary.
B21 90-130 Mottled with the base colour 10YR 5/2 and mottles 5YR with distinct
boundaries produced by iron oxide segregation.  A sandy clay, slightly moist
and very firm, with a fine to medium prismatic structure, forming secondary
peds 20 cm diameter and 30 cm deep; slowly permeable, smooth-ped fabric, pH
7.0; clear boundary.
B22 130-190 10YR 5/2, a silty clay, dry and extremely hard, fine prismatic structure
organised into secondary ped 20 cm diameter and 50 cm deep.  Slowly
permeable, smooth-ped fabric, pH 7.5; clear boundary.
B3 190-280+ 10YR 4/1.5, a heavy clay, slightly moist and firm, with a fine to medium
angular, blocky structure, slowly permeable and smooth-ped fabric and some
slickensides, occasional carbonate nodules and sand lenses, pH 8.75.
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Chemical analysis of Profile AO
Horizon or depth of sampling A1     A2     B1     B2    B22 190-235
pH (1:5 H2O) 6.6 6.4 6.4 7.0 7.9 8.3
% >2 mm
Stones (2 mm) 1.3 2.9 1.6
% <2 mm
Total soluble salts
Organic carbon, C
Nitrogen, N
C/N ratio
Calcium carbonate, CaCO3
Potassium, K
extractable in 6M HC1
0.02
0.30
0.024
12.5
0.12
0.01
0.14
0.014
10.0
0.12
0.01
0.15
0.02
0.19
0.04
0.30
0.05
0.1
0.28
milliequivalents per 100 g
Cation exchange capacity 6.4 8.4 8.6 30.65
(25.8)
42.7
(35.4)
40.5
(32.8)
Exchangeable cations
Calcium, Ca
Magnesium, Mg
Potassium, K
Sodium, Na
3.5
1.6
1.2
0.10
5.2
2.3
0.85
0.10
5.9
2.3
0.25
0.15
19.5
9.8
0.65
0.65
25.8
15.0
1.0
0.85
23.8
15.2
0.85
0.70
parts per million
Phosphorus, P
extractable in 6M HC1
extractable in 0.5M NaHCO3
90
7
69
2
81
4
0
4
4 44
Zinc, Zn
extractable in ammonium
carbonate EDTA
1.0 0.8
Sodium absorption ratio (SAR) 0.4 0.7 0.7 1.5 2.2 2.3
Exchangeable Sodium Percentage
(ESP)
1.6 1.2 1.7 2.1 2.0 1.7
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Physical analysis of Profile AO
Horizon or depth of sampling A12 A2 B1 B21 B22 235-280
Clod bulk density
(100 cm H2O suction)
1.70 1.72 1.70 1.63 1.52 1.56
Aggregate stability
(Emmerson DI)
3 1 1 0 0 0
Moisture percentage
1/10 atm
1/3 atm
1 atm
15 atm
11.58
6.24
7.04
3.57
12.78
5.45
6.87
4.46
23.01
21.78
17.92
13.12
29.34
24.57
23.21
16.23
28.13
28.58
23.54
22.26
Bulk density
100 cm H2O
1 atm
15 atm
1.70
1.67
1.81
1.72
1.75
1.54
1.70
1.82
1.89
1.63
1.87
1.93
1.52
1.72
1.87
1.56
1.59
1.60
Volume change
(100V1atm/VO)
(100V15atm/VO)
101.80
93.93
98.28
111.69
93.41
89.95
87.17
84.46
88.09
81.03
98.12
97.50
Mechanical analysis
% clay (mm dia)
% silt (mm dia)
% fine sand (mm dia)
% coarse sand (mm dia)
% gravel (mm dia)
11.1
4.5
60.9
24.0
0.5
14.5
4.1
55.8
27.0
2.5
15.5
3.8
52.2
29.3
0.5
44.3
11.3
35.8
11.1
0
50.0
12.6
30.6
9.0
0
40.5
13.3
25.6
19.4
0.4
EC mS/cm (1:5 H2O 25°C)
pH (1:5 H2O 25°C)
0.028
7.0
0.031
7.0
0.030
6.9
0.058
7.4
0.084
0.81
0.127
8.4
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Site: CG AMG Zone 52, 489520mE, 8289710mN
Great Soil Group Grey, Brown and Red Clays
Principal Profile Form Ug5.24
Family Cununurra leached/Aquitaine greyish intergrade
Type of observation Pit
Site surface and vegetation
Burnt, grassy shrubland with Acacia sp. aff. bidwillii, Terminalia sp. and Sorghum stipoideum
likely to have been the principal species.  Surface cracked to >100 cm and 1 to 2 cm wide to
produce large blocks, roughly hexagonal or pentagonal, about 50 cm diameter.  Occasional
rocks on the surface to 15 cm diameter.  Silicified sandstone.
Profile description
Horizon Depth (cm) Description
A10 0-1 Crust 1 cm thick.
A11 1-20 Dry, extremely hard, medium clay with rough-ped fabric and weakly cemented,
coarse, granular structure; colour 10YR 4/2; field pH 6.75.
A12 20-110 Dry, extremely hard, medium clay with a fine to medium blocky structure,
smooth-ped fabric and weakly developed slickensides, colour 10YR 4/2,
carbonate nodules common and up to 5 mm diameter with occasional fine
manganese nodules to 0.5 mm diameter; field pH 8.75.
A13 110-160 Slightly moist, extremely firm, heavy clay with a medium blocky structure,
smooth-ped fabric and well developed slickensides; rare nodules of carbonate to
5 mm diameter and rare manganese nodules to 1 mm diameter; colour 10YR
4/2.5.  Soil forms into secondary peds about 10 cm diameter; field pH 8.75.
AC1 160-200 Slightly moist, extremely firm, heavy clay with a fine, blocky structure, rough-
ped fabric, colour 5YR 4/2.  Carbonate nodules common to 3 cm diameter and
irregularly shaped, occasional manganese nodules; field pH 8.75.
AC2 200-300 A friable (becoming softer with depth), silty clay with a fine, blocky structure
and some slickensides at the top of the horizon; rough-ped fabric, becoming
earthy with depth; colour 5YR 4/2.  Carbonate nodules large and common,
manganese common and occasional unweathered flakes of muscovite and biotite
visible; field pH 8.25.
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Chemical analysis of Profile CG
Horizon or depth of sampling A11 A12 A13 AC1
pH (1:5 H2O) 7.4 9.3 9.2 9.0
% <2 mm
Total soluble salts
Organic carbon, C
Nitrogen, N
C/N ratio
Calcium-carbonate, CaCO3
Potassium, K
extractable in 6M HC1
0.02
0.52
0.036
14.4
0.23
0.08
0.34
0.022
15.5
0.4
0.22
0.19
0.28
0.017
16.5
0.7
0.23
0.36
1.4
0.32
milliequivalents per 100 g
Cation exchange capacity 41.4
(40.9)
44.0 45.6 40.0
Exchangeable cations
Calcium, Ca
Magnesium, Mg
Potassium, K
Sodium, Na
24.1
16.1
0.70
0.50
21.1
16.4
0.70
5.8
16.4
17.1
0.90
11.2
13.3
14.9
1.0
10.8
parts per million
Phosphorus, P
extractable in 6M HC1
extractable in 0.5M NaHCO3
74
2
60
2
62
2
160
Zinc, Zn
extractable in ammonium
carbonate EDTA
0.7 0.7 0.6
Sodium absorption ratio (SAR) 0.9 3.3 21.2 24.3
Exchangeable Sodium Percentage (ESP) 2.4 13.2 24.6 27.0
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Physical analysis of Profile CG
Horizon or depth of sampling A11 A12 A13 AC1
Clod bulk density
(100 cm H2O suction) 1.47 1.48 1.40 1.35
Aggregate stability
(Emmerson DI) 0 0 11 9
Moisture percentage
100 cm suction
1/3 atm pressure
1 atm pressure
15 atm pressure
28.62
25.42
23.88
19.36
29.31
25.46
25.42
18.55
33.36
30.27
26.30
20.80
29.23
28.58
23.74
18.69
Bulk density
100 cm H2O suction
1 atm pressure
15 atm pressure
1.47
1.54
1.64
1.48
1.53
1.64
1.40
1.43
1.70
1.35
1.67
1.86
Volume change
(100V1atm/VO)
(100V15atm/VO)
95.45
89.63
96.63
90.24
97.90
82.35
80.84
72.58
Mechanical analysis
% clay (<.002 mm dia)
% silt (.002-.02 mm dia)
% fine sand (.02-.2 mm dia)
% coarse sand (.2-2.0 mm dia)
% gravel (>2.0 mm dia)
55.8
18.3
25.1
4.0
0.2
39.1
25.2
28.8
3.5
1.0
43.5
27.1
22.8
2.9
0.3
24.9
38.5
30.8
3.5
3.1
EC mS/cm (1:5 H20 25°C) 0.084 0.161 0.720 1.150
pH (1:5 H2O 25°C) 7.5 9.2 8.8 9.0
Clay mineralogy
quartz
kaolin
montmorillonite
illite
gypsum
plagioclase
calcite
feldspar
feldspar/amphibole
mica
25
5-15
45-55
10-20
10-20
32
0-10
45-55
10-20
5
0-10
30
5-15
45-55
5
0-10
25
5-15
40-50
0-10
0-10
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Site: CH AMG Zone 52, 488630mE, 8289710mN
Great Soil Group Grey, Brown and Red Clays
Northcote PPF Ug5.15
Family Cununurra clay
Phase Normal
Type of observation Auger
Site surface and vegetation
Occasional small stones and gilgai usually 10 cm but up to 25 cm deep.  Surface cracking only
just sufficient to qualify for Ug PPF.
Site burned.  Grevillia striata, few small bauhinia (?), Sorghum stipoideum, A. latifolia,
T. triandra, Astrebla squarrosa.
Profile description
Horizon Depth (cm) Description
A10 0-1 Dry crust, massive silty clay, soft consistence, earthy fabric; pH 6.25.
A11 1-20 Yellow (2.5Y 4/2), dry, extremely hard light clay with rough-ped fabric,
granular structure; pH 7.0.
A12 20-120 Yellow (10YR 3/2), dry, extremely hard light clay, coarse blocky structure,
smooth-ped fabric,carbonate nodules to 2 mm diameter common; field pH 8.5.
A13 120-150 Yellow-red (10YR 3/2) dry, extremely hard light to medium clay; very coarse
blocky structure, rough-ped fabric; carbonate nodules to 2 mm diameter
common and few manganese nodules; field pH 9.0.
AC 150+ Yellow (5YR 4/2), dry, hard medium clay with medium blocky structure,
rough-ped fabric, common nodules to 1 cm diameter; field pH 9.0.
Note: This site was extremely hard, requiring 10 access tubes to reach 150 cm.
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Chemical analysis of Profile CH
Horizon A11 A12 A13 AC1
pH (1:5 H2O) 8.2 9.0 9.3 9.4
% <2 mm
Total soluble salts
Organic carbon, C
Nitrogen, N
C/N ratio
Calcium carbonate, CaCO3
Potassium K
extractable in 6M HC1
0.04
0.54
0.043
12.6
0.14
0.05
0.44
0.027
0.4
0.16
0.09
0.39
0.024
16.2
0.7
0.20
0.11
0.9
0.29
milliequivalents per 100 g
Cation exchange capacity 43.7 37.0 41.4
(40.0)
32.8
(32.0)
Exchangeable cations
Calcium, Ca
Magnesium, Mg
Potassium, K
Sodium, Na
30.8
11.6
0.90
0.40
20.7
11.6
0.90
3.8
19.1
12.6
0.50
9.2
14.4
9.7
0.55
8.2
parts per million
Phosphorus, P
extractable in 6M HC1
extractable in 0.5M NaHCO3
59
2
50
2
65
2
150
Zinc, Zn
extractable in ammonium
carbonate EDTA
0.9 0.6 0.5
Sodium absorption ratio 0.6 6.8 5.4 5.8
Exchangeable Soduim Percentage (ESP) 0.1 10.2 22.2 25.0
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Site: CM AMG Zone 52, 489470mE, 8293530mN
Great Soil Group Grey, Brown and Red Clays
Principal Profile Form Ug5.25
Family Cununurra clay leached/Aquitaine greyish intergrade
Type of observation Pit
Site surface and vegetation
Nuram gilgai about 25 cm high and 3 to 5 m amplitude.  Surface deeply cracked, up to 10 cm
across.  A weak surface crust.  Vegetation classed as open woodland with Eucalyptus
microtheca and Excoecaria parvifolia to 10 or 12 m high, also Cathormion umbellatum.
Sorghum stipoideum, some H. panduriformis and Sesbania sp. form the ground cover.  The
site was burned preventing more detailed description of vegetation.  Land crab holes on
surface.
Profile description
Horizon Depth (cm) Description
A11 0-10 A dry, extremely hard medium clay with very coarse granular structure, rough-
ped fabric and moderate permeability; 10YR 5/1.5; no notable pedological
features; rust mottling along root zones; pH 6.75; clear boundary.
A12 10-80 Dry and extremely hard with a highly developed fine to medium angular blocky
structured medium clay; 10YR 4/1.5; very slowly permeable; smooth ped fabric
with slickensides determining the ped faces; common small calcium carbonate
nodules; rust coloured mottling along roots and root channels; pH 9.0; diffuse
boundary.
A13 80-160 Slightly moist, very firm, heavy clay with highly developed fine to medium
angular blocky structure; 10YR 4/2; very slowly permeable; solid carbonate
nodules about 7 mm diameter common and occasional manganese nodules of 1
mm; pH 8.75; lower boundary diffuse.
AC1 160-180 A lightly moist friable heavy clay with a highly developed fine to medium
angular blocky structure; 5YR 4/2; large segregations of carbonates common in
both hard and soft form, often in pendants 10 cm long and 2 to 3 cm diameter;
smooth-ped fabric and slickensides still present; pH 9.0; diffuse boundary.
AC2 200-280 A heavy clay with soft consistency, slowly permeable and rough-ped fabric; fine
to medium blocky; 5YR 4/3.5; occasional carbonates present, both hard and
soft, strongly developed ped cutans; pH 8.25.
AC3 280+ A heavy clay with a soft to friable consistency and well developed, fine blocky
to weak platy structure; slowly permeable and rough-ped fabric; 5YR 4/4; no
carbonates but gypsum present; pH 8.5.
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Chemical analysis of Profile CM
Horizon or depth of sampling A11 A12 A13 AC 220-280 280-330
pH (1:5 H2O) 7.0 8.0 9.1 8.3 8.2 7.8
% <2 mm
Total soluble salts
Organic carbon, C
Nitrogen, N
C/N ratio
Calcium carbonate, CaCO3
Potassium, K
extractable in 6M HC1
0.02
0.37
0.030
12.3
0.47
0.04
0.26
0.020
13.0
0.43
0.10
0.19
0.014
13.6
0.2
0.44
0.60
0.4
0.54
0.673
0.5
0.42
1.41
0.3
0.46
milliequivalents per 100 g
Cation exchange capacity 49.2 50.9 51.2
(49.3)
50.0
(45.9)
40.4 39.1
(38.0)
Exchangeable cations
Calcium, Ca
Magnesium, Mg
Potassium, K
Sodium, Na
30.3
17.0
1.4
0.5
30.8
17.0
1.3
1.8
22.4
19.3
1.2
8.3
18.5
19.0
1.5
11.0
13.1
16.7
1.3
9.3
12.0
17.6
0.85
8.6
parts per million
Phosphorus, P
extractable in 6M HC1
extractable in 0.5M NaHCO3
78
2
59
2
55
2
65 180 160
Zinc, Zn
extractable in ammonium
carbonate EDTA
0.3 0.1 0.4
Sodium absorption ratio 0.4 2.0 5.4 13.8 11.8 11.4
Exchangeable Sodium Percentage
(ESP)
1.0 3.5 16.2 22.0 23.0 22.0
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Physical analysis of Profile CM
Horizon or depth of
sampling
A11 A12 A13 AC 160-200 200-280 280-330
Clod bulk density
(100 cm H2O suction) 1.29 1.36 1.32 1.36 1.50 1.41
Aggregate stability
(Emmerson D1) 0 7 12 13 12 10
Moisture percentage
1/10 atm
1/3 atm
1 atm
15 atm
35.82
33.77
30.24
26.20
35.66
33.33
31.49
24.50
41.6
40.24
33.07
28.21
38.18
37.63
32.20
25.41
37.06
36.31
30.03
25.00
36.82
32.16
25.94
20.78
Bulk density
100 cm H2O
1 atm
15 atm
1.32
1.30
1.49
1.36
1.45
1.60
1.26
1.39
1.53
1.30
1.43
1.49
1.50
1.60
1.41
1.69
1.59
Volume change
(100V1atm/VO)
(100V15atm/VO)
101.54
88.59
93.79
85.00
90.64
82.35
90.91
87.25
83.43
88.68
Mechanical analysis
% clay (mm dia)
% silt (mm dia)
% fine sand (mm dia)
% coarse sand (mm dia)
% gravel (mm dia)
67.5
14.7
17.6
2.7
0
-
-
-
-
-
45.4
34.2
18.5
1.3
0.1
31.5
38.7
26.9
1.0
0.2
35.0
35.2
25.1
1.2
0.9
32.6
40.2
21.0
1.1
1.5
EC mS/cm (1:5 H2O
25°C)
pH (1:5 H2O 25°C)
.073
.72
.082
.78
.863
8.6
1.421
8.3
2.11
8.2
3.10
8.0
Clay mineralogy
quartz
kaolin
montmorillonite
illite
gypsum
plagioclase
calcite
feldspar
feldspar/amphibole
mica
25
5-15
50-60
5-15
5-15
25
5-15
45-55
T
T
5-15
28
5-15
40-50
5-15
5-15
5-15
40-50
10-20
T
T
T
10-20
25
5-15
40-50
10-20
T
T
10-20
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Site: CW AMG Zone 52, 496730mE, 8293080mN
Great Soil Group Red, Brown and Grey Earths
Principal Profile Form Ug5.24
Family Cununurra
Phase Leached
Type of observation Pit
Site surface and vegetation
Flat surface with gilgaied microrelief 30 cm high, repeating at 8 m intervals and cracks to
7.5 cm wide.  Occasional land crabs and silicified sandstone rocks to 10 cm diameter, and crust
of 1 cm.  This is open shrubland with Sorghum stipoideum, Lysiphyllum cunninghamii, Acacia
sp. aff. bidwillii, Terminalia sp. and Atalaya hemiglauca.
Profile description
Horizon Depth (cm) Description
A11 0-10
(1 cm crust)
A yellow (10YR 4/2), dry, very hard medium clay, moderately permeable with
granular structure and rough-ped fabric; pH 7.0.
A12 10-80 A dry, extremely hard, heavy clay with a fine blocky structure; very slowly
permeable, smooth-ped fabric and slickensides, rare carbonate nodules, but
common, very fine manganese nodules; 10YR 4/2; pH 8.25.
A13 80-180 10YR 4/3, slightly moist, extremely firm, heavy clay with a well developed,
fine blocky structure, very slowly permeable, smooth-ped fabric and
slickensides; carbonate nodules to 2 mm diameter are common and manganese
nodules are very fine and common; pH 8.75.  Some surface cracks penetrate the
top.
AC1 180-260 2.5YR 4/4, a friable fine, blocky to platy, medium clay with a slowly
permeable and rough-ped fabric; carbonate nodules to 2 cm diameter and some
manganese nodules present.
AC2 260-310+ A soft to friable heavy clay with a weakly developed platy structure; slowly
permeable, rough-ped fabric; rare carbonates and some manganese nodules; 7YR
4/3.
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Chemical analysis of Profile CW
Horizon or depth of sampling All A12 A13 180-200 260-300
pH (1:5 H2O) 7.2 8.0 8.9 8.7 8.4
% <2 mm
Total soluble salts
Organic carbon, C
Nitrogen, N
C/N ratio
Calcium carbonate, CaCO3
Potassium, K
extractable in 6M HC1
0.02
0.56
0.041
13.7
0.46
0.02
0.34
0.025
0.42
0.06
0.27
0.018
15.0
0.5
0.40
0.34
2.6
0.42
0.40
0.4
0.37
milliequivalents per 100 g
Cation exchange capacity 46.1 44.0 43.0
(45.2)
39.9 41.3
Exchangeable cations
Calcium, Ca
Magnesium, Mg
Potassium, K
Sodium, Na
27.7
16.2
1.8
0.40
26.2
15.2
1.4
1.2
23.5
14.0
1.2
4.3
16.1
16.2
1.2
6.4
16.0
16.5
1.4
7.4
parts per million
Phosphorus, P
extractable in 6M HC1
extractable in 0.5M NaHCO3
Zinc, Zn
extractable in ammonium
carbonate EDTA
0.7
0.7
0.4
0.4
0.2
0.2
Sodium absorption ratio 0.7 1.4 2.7 15.6 15.9
Exchangeable sodium percentage
(ESP)
0.9 2.7 10.0 16.0 17.9
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Physical analysis of Profile CW
Horizon or depth of sampling A11 A12 A13 260-300
Clod bulk density
(100 cm H2O suction) 1.38 1.29 1.35 1.30
Aggregate stability
(Emmerson D1) 0 0 9 9
Moisture percentage
1/10 atm
1/3 atm
1 atm
15 atm
35.09
31.83
29.09
22.35
32.73
30.80
28.0
23.18
35.56
35.92
28.09
23.94
28.32
26.25
25.05
17.11
Bulk density
100 cm H2O
1 atm
15 atm
1.38
1.44
1.56
1.29
1.47
1.71
1.33
1.62
1.55
1.30
1.59
1.71
Volume change
(100V1atm/VO)
(100V15atm/VO)
95.84
88.47
87.76
75.44
82.10
85.80
81.76
76.03
Mechanical analysis
% clay (mm dia)
% silt (mm dia)
% fine sand (mm dia)
% coarse sand (mm dia)
% gravel (mm dia)
63.2
17.5
18.6
1.4
-
36.6
30.3
29.3
1.2
-
40.3
33.1
23.1
1.0
0.1
-
-
-
-
-
EC mS/cm (1:5 H2O 25°C)
pH (1:5 H2O 25°C)
0.58
7.6
0.113
8.0
0.164
8.9
Clay mineralogy
quartz
kaolin
montmorillonite
illite
gypsum
plagioclase
calcite
feldspar
feldspar/amphibole
mica
25
5-15
50-60
5-15
T
5-15
32
5-15
50-60
0-10
0-10
26
5-15
45-55
5-15
T
5-15
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Site: CX AMG Zone 52, 496040mE, 8293080mN
Great Soil Group Grey, Brown and Red Clays
Principal Profile Form Ug5.34
Family Cununurra clay
Phase Alkaline
Type of observation Pit
Site surface and vegetation
A flat site in the alluvial clay plain, with very weak gilgai and surface cracks, a medium to high
shrubland with Lysiphillum cunninghamii, Terminalia sp., Atalaya hemiglauca, Acacia sp. aff.
bidwillii, Sorghum stipoideum, Hibiscus panduriforma and some Excoecaria parvifolia to 10
m.
Profile description
Horizon Depth (cm) Description
A11 0-15 10YR 4/2, dry, extremely hard, medium clay with a medium crumb structure,
rough-ped fabric, pH 7.5.
A12 15-85 10YR 4/3, a dry, extremely hard, heavy clay with a medium to coarse angular,
blocky structure and a very slowly permeable, smooth-ped fabric, occasional
carbonate nodules and common manganese nodules; pH 8.25.
A13 85-145 10YR 4/3, a slightly moist, friable, heavy clay with a medium, blocky structure
and very slowly permeable, smooth-ped fabric, carbonate and manganese
nodules to 2 cm diameter are common; pH 9.0.
AC1 145-205 5YR 4/4, a lightly moist, friable, heavy clay with a fine, blocky structure, very
slowly permeable, some slickensides but a rough-ped fabric, frequent carbonate
nodules to 3 cm, but few manganese nodules; pH 8.5.
AC2 205-280 5YR 4/4, a slightly moist, firm, heavy clay with a fine, blocky structure,
slowly permeable, rough-ped fabric, carbonate nodules to 5 cm diameter are
common and there are some cutans, some flakes of mica and some manganese
nodules present; pH 8.25.
C1 280-340+ 5YR 4/6 heavy clay; soft consistency with a platy structure, moderate
permeability and a rough fabric, carbonate nodules to 1 cm diameter, also some
manganese, few cutans and pH 8.25.
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Chemical analysis of Profile CX
Horizon or depth of sampling A11 A12 A13 AC 200-290 280-340
pH (1:5 H2O) 7.3 8.5 9.2 8.9 8.7 8.8
% <2 mm
Total soluble salts
Organic carbon, C
Nitrogen, N
C/N ratio
Calcium carbonate, CaCO3
Potassium, K
extractable in 6M HC1
0.02
0.60
0.038
15.8
0.39
0.05
0.37
0.021
17.6
0.1
0.40
0.08
0.26
0.018
14.4
0.9
043
 0.24
1.8
0.41
0.31
1.3
0.34
0.28
5.5
0.22
milliequivalents per 100 g
Cation exchange capacity 40.8 44.6 40.6
(42.5)
35.8 32.4 23.9
Exchangeable cations
Calcium, Ca
Magnesium, Mg
Potassium, K
Sodium, Na
23.5
15.2
1.8
0.30
23.1
17.3
1.0
3.2
17.3
16.1
0.90
6.3
14.5
14.0
0.75
6.5
13.9
12.3
0.50
5.7
9.0
9.7
0.55
4.6
parts per million
Phosphorus, P
extractable in 6M HC1
extractable in 0.5M NaHCO3
66
2
52
2
51
2
110 100 96
Zinc, Zn
extractable in ammonium
carbonate EDTA
1.1 0.5 0.3
Sodium absorption ratio 1.3 6.9 3.1 15.3 15.2 14.2
Exchangeable Sodium Percentage
(ESP)
0.7 7.2 15.5 18.2 17.6 19.2
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Physical analysis of Profile CX
Horizon or depth of sampling A11 A12 A13 AC1 200-280 180-340
Clod bulk density
(100 cm H2O suction) 1.32 1.43 1.48 1.62
Aggregate stability
(Emmerson DI) 0 9 12 11
Moisture percentage
1/10 atm
1/3 atm
1 atm
15 atm
32.45
26.33
25.96
22.72
33.84
31.90
26.38
20.66
34.82
33.20
28.95
22.27
30.23
28.44
23.89
19.11
Bulk density
100 cm H2O
1 atm
15 atm
1.32
1.64
1.59
1.43
1.54
1.67
1.40
1.50
1.50
1.62
1.65
1.76
Volume change
(100V1atm/VO)
(100V15atm/VO)
80.49
83.02
92.86
85.63
93.33
93.33
98.18
92.04
Mechanical analysis
% clay (mm dia)
% silt (mm dia)
% fine sand (mm dia)
% coarse sand (mm dia)
% gravel (mm dia)
57.8
15.9
23.3
2.1
-
40.6
28.8
25.8
1.7
0
24.50
36.5
34.2
1.2
1.2
28.4
39.9
27.9
1.0
2.0
EC mS/cm (1:5 H2O 25°C)
pH (1:5 H2O 25°C)
0.097
7.4
0.124
8.4
0.181
9.0
0.684
8.6
Clay mineralogy
quartz
kaolin
montmorillonite
illite
gypsum
plagioclase
calcite
feldspar
feldspar/amphibole
mica
35
0-10
35-45
0-10
24
5-15
35-45
5-15
T
5-15
20
10-20
35-45
10-20
T
10-20
27
5-15
30-40
5-15
T
10-20
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Site: DJ AMG Zone 52, 499350mE, 8292900mN
Great Soil Group Red-brown Earths
Principal Profile Form Dr2.22
Family Bonaparte sandy/Weaber gravelly phase intergrade
Type of observation Pit
Site surface and vegetation
Smooth surfaced, flat and elevated about 50 cm above the surrounding clay plain.  Woodland
with E. foelscheana, E. sp . G (Wheeler), E. aspera and T. triandra. Thin surface crust with
much organic matter which curls and cracks.  Occasional stones to 3 cm, which almost form a
complete pavement on the margins of the unit.
Profile description
Horizon Depth (cm) Description
A1 0-15 A dry, hard sand with a massive structure, moderate to highly permeable and
sandy fabric; pH 6.5; colour 5YR 3/4; some stones.
A2 15-30 Dry, hard, massive clay sand with moderate permeability, sandy fabric, colour
2.5YR 3/6, some stones to 3 cm diameter and 1 to 2% by volume of coarse
sand and fine gravel; pH 6.5.
B1 30-70 Fine sandy clay, dry and very hard, massive to weakly blocky, moderate to
slowly permeable and earthy fabric, colour 10R 3/4; coarse sand, fine gravel and
stones 2 to 5% by volume; pH 6.5.
B2 70-200 Subplastic loam to heavy clay, dry and very hard and well developed medium
blocky structure, slowly permeable and rough-ped fabric; colour 10R 3/4, stones
to 3 cm are 5% by volume; pH 6.25.
C 200-260+ 50% coarse material from 2.5 to 10 mm diameter; highly permeable; matrix
colour 10R 3/4.
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Chemical analysis of Profile DJ
Horizon or depth of sampling A2 B1 & 2 120-200 200-260
pH (1:5 H2O) 6.7 7.5 7.0 7.1
% >2 mm
Stones (2 mm) 8.3 17.7 5.8 50.5
% <2 mm
Total soluble salts
Organic carbon, C
Nitrogen, N
C/N ratio
Calcium carbonate, CaCO3
Potassium, K
extractable in 6M HC1
0.02
0.75
0.054
13.9
0.10
0.10
0.02
0.25
0.25
0.02
0.32
0.32
0.03
0.22
0.22
milliequivalents per 100 g
Cation exchange capacity 6.7 18.2 20.1 15.6
Exchange cations
Calcium, Ca
Magnesium, Mg
Potassium, K
Sodium, Na
5.1
1.0
0.45
0.15
13.5
3.5
0.90
0.30
12.5
6.2
0.95
0.40
9.0
5.5
0.70
0.40
parts per million
Phosphorus, P
extractable in 6M HC1
extractable in 0.5M NaHCO3
94
5
140 96 110
Zinc, Zn
extractable in ammonium
carbonate EDTA
1.4
Sodium absorption ratio (SAR) 0.4 0.2 0.4 1.2
Exchangeable Sodium Percentage
(ESP)
2.2 1.6 2.0 2.5
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Physical analysis of Profile DJ
Horizon or depth of sampling A1 A2 A3 B1 B2 B2
120-200
Clod bulk density
(100 cm H2O suction) - - - - - 1.84
Aggregate stability
(Emmerson DI) 2 1 0 0 0
Moisture percentage
1/10 atm
1/3 atm
1 atm
15 atm
12.52
6.32
4.26
13.85
16.23
20.27
20.03
19.22
21.78
22.01
18.56
16.64
Bulk density
100 cm H2O
1 atm
15 atm
1.95
1.63
2.16
1.73
-
2.11
1.09
1.84
1.88
1.77
Volume change
(100V1atm/VO)
(100V15atm/VO)
97.87
103.95
Mechanical analysis
% clay (mm dia)
% silt (mm dia)
% fine sand (mm dia)
% coarse sand (mm dia)
% gravel (mm dia)
26.1
6.4
38.5
28.8
4.3
43.2
5.8
29.1
21.9
6.1
57.0
7.0
23.6
14.2
4.5
53.5
8.6
27.3
12.3
3.1
EC mS/cm (1:5 H2O 25°C)
pH (1:5 H2O 25°C)
.060
6.8
.065
7.2
.100
7.0
.058
6.7
.056
7.0
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Site: DU AMG Zone 52, 498750mE, 8291150mN
Great Soil Group Red-brown Earth
Principal Profile Form Dr3.22
Family Bonaparte
Phase Normal
Type of observation Pit
Site surface and vegetation
Open woodland with Carissa lanceolata, Themeda triandra and Eucalyptus sp. G (Wheeler),
Acacia sp. aff. bidwillii and a few L. cunninghamii.  Stones up to 5 cm diameter cover 25% of
the land surface, which is elevated 50 cm above surrounding black soil plains.  Relief and
microrelief are low.
Profile description
Horizon Depth (cm) Description
A1 0-10 A dry, slightly hard, massive loam with moderate to highly permeable and an
earthy fabric; colour 10YR 3.5/2.5; stones to 5 cm diameter occupy about 5% of
the volume; pH 6.5; gradual boundary.
A2 10-60 A dry, hard, sandy clay loam with a massive structure, moderate permeability
and earthy fabric; colour 10YR 5/8; pH 6.75, 5 to 10% coarse material 2 to 5
mm diameter ; diffuse boundary.
B2 60-130 A dry, hard, medium clay with coarse prismatic structure, moderate
permeability and rough-ped fabric, cutans on the ped faces, nodules of
ferruginous material and mottles associated being fine with clear boundaries, pH
7.0; 10YR 5/2 and 2.5YR 4/6; clear lower boundary.
B3 130-210 A heavy clay, slightly moist with a very firm consistency and massive
structure, moderate permeability, earthy fabric; 20% coarse fraction between 2
and 5 mm diameter and plinthite-like mottling; after texturing the matrix had a
colour of 2.5YR 3/6, pH 7.5; abrupt lower boundary.
C1 210-290 A slightly moist, firm, fine sandy loam with large flakes of muscovite common;
fine, blocky, well developed structure, rough fabric; moderately to highly
permeable; 5YR 4/5; pH 8.5.
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Chemical analysis of Profile DU
Horizon or depth of sampling A11 A12 A13 130-210 210-290
pH (1:5 H2O) 6.2 6.6 7.0 7.4 8.2
% >2 mm
Stones (2 mm) 43.0 17.1 20.5 54.2
% >2 mm
Total soluble salts
Organic carbon, C
Nitrogen, N
C/N ratio
Potassium, K
extractable in 6M HC1
0.02
0.70
0.052
13.5
0.20
0.01
0.37
0.038
7.9
0.38
0.01
0.34
0.04
0.26
0.08
0.30
milliequivalents per 100 g
Cation exchange capacity 10.9 21.5 20.7 19.3 20.5
Exchangeable cations
Calcium, Ca
Magnesium, Mg
Potassium, K
Sodium, Na
5.0
5.2
0.55Z
0.20
15.1
15.1
0.85
0.15
12.5
12.5
0.90
0.25
10.3
10.3
0.80
1.0
8.8
8.8
1.1
2.4
parts per million
Phosphorus, P
extractable in 6M HC1
extractable in 0.5M NaHCO3
120
2
150
2
110 120 94
Zinc, Zn
extractable in ammonium
carbonate EDTA
0.9 0.8
Sodium absorption ratio 0.3 0.3 0.7 4.17.2
Exchangeable Sodium Percentage
(ESP)
1.8 0.7 1.2 5.2 11.7
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Physical analysis of Profile DU
Horizon or depth of sampling A1 A2 B2 210-290
Clod bulk density
(100 cm H2O suction) 1.86 - 1.62 1.65
Aggregate stability
Emmerson DI) 1 0 0 10
Moisture percentage
1/10 atm
1/3 atm
1 atm
15 atm
27.35
17.51
7.68
4.43
28.10
25.05
22.14
20.10
20.36
19.87
19.52
14.90
22.38
22.64
17.77
14.36
Bulk density
100 cm H2O
1 atm
15 atm
1.86
1.68
1.68
-
1.45
1.30
1.62
2.35
1.79
1.65
1.81
1.91
Volume change
(100V1atm/VO)
(100V15atm/VO)
110.71
110.71
91.15
86.38
Mechanical analysis
% clay (mm dia)
% silt (mm dia)
% fine sand (mm dia)
% coarse sand (mm dia)
% gravel (mm dia)
15.6
7.0
47.7
30.7
40.7
53.2
13.5
19.2
15.7
7.7
45.2
13.9
22.7
17.3
12.6
12.5
23.9
55.0
5.6
0.2
EC mS/cm (1:5 H2O 25°C)
pH (1:5 H2O 25°C)
.030
6.1
.052
6.9
.073
6.7
.240
8.2
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Site:  EC AMG Zone 52, 478520mE, 8291220mN
Great Soil Group Grey, Brown and Red Clays
Principal Profile Form Ug5.28
Family Aquitaine
Phase White
Type of observation Pit
Site surface and vegetation
Cracked surface with gilgai 50 cm high and 12 m wide.  General relief low, thought to be
inundated for some weeks during the wet season.  Woodland with E. microtheca, E. parvifolia,
O. exaltatus and other low grasses.
Profile description
Horizon Depth (cm) Description
A11 0-10 A dry, extremely hard medium clay with crumbly and granular structure and
rough-ped fabric; 5Y 5.5/1.5; few carbonate nodules; pH 7.5; abrupt boundary.
A12 10-100 A slightly moist very firm, heavy clay with a medium angular blocky structure,
smooth-ped fabric and well developed slickensides; 5Y 5.5/1; carbonates are
common <5 cm in diameter subangular secondary peds 20-30 cm diameter; pH
7.75; diffuse lower boundary.
A13 100-200 A slightly moist, firm heavy clay with medium blocky structure, smooth-ped
fabric and slickensides, 2.5Y 5/2; pH 8.5; occasional nodules to 2 cm diameter
and some mottling from the lower horizon; diffuse boundary.
AC1 200-260 Slightly moist, friable, heavy clay with strongly developed, fine, blocky
structure, slowly permeable and rough-ped fabric; 10YR 5/4; cutans and
gypsum to 5% of volume; a few carbonate nodules to 5 mm; mottling at
boundary.
AC2 260-320 A slightly moist, friable, heavy clay with a weakly developed fine, blocky
structure, slowly permeable; rough-ped fabric; 5YR 4/4; cutans present and 5%
gypsum; soil material expanded considerably on hydration.
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Chemical analysis of Profile EC
Horizon or depth of sampling 0-10 A12 A13 200-260 260-320
pH (1:5 H2O) 8.0 7.8 8.2 7.9 7.7
% <2 mm
Total soluble salts
Organic carbon, C
Nitrogen, N
C/N ratio
Calcium carbonate, CaCO3
Potassium, K
extractable in 6M HC1
0.26
0.23
0.015
15.3
0.52
0.26
0.32
0.024
13.3
0.50
0.44
0.13
0.008
14.4
2.2
0.60
1.36
0.63
1.37
0.59
milliequivalents per 100 g
Cation exchange capacity 52.6
(47.9)
40.4
(45.0)
43.7 42.0 51.1
Exchangeable cations
Calcium, Ca
Magnesium, Mg
Potassium, K
Sodium, Na
31.6
19.2
1.4
0.45
19.1
17.0
1.8
2.5
14.2
20.5
1.5
7.5
13.4
21.7
1.6
6.3
20.5
21.7
1.7
7.2
parts per million
Phosphorus, P
extractable in 6M HC1
extractable in 0.5M NaHCO3
58
2
67
2
56
2
130 150
Zinc, Zn
extractable in ammonium
carbonate EDTA
0.3 0.5 0.3
Sodium absorption ratio 0.8 1.1 12.3 11.0 11.2
Exchangeable Sodium Percentage
(ESP)
0.9 6.2 17.2 15.0 14.1
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Physical analysis of Profile EC
Horizon or depth of sampling 0-10 A12 A13
Clod bulk density
(100 cm H2O suction) 1.24 1.37 1.43
Aggregate stability
(Emmerson DI) 0 0 9
Moisture percentage
1/10 atm
1/3 atm
1 atm
15 atm
37.86
31.47
28.20
24.32
37.09
33.40
31.74
23.24
39.12
37.55
32.61
26.33
Bulk density
100 cm H2O
1 atm
15 atm
1.24
1.50
1.49
1.37
1.44
1.61
1.34
1.40
1.61
Volume change
(100V1atm/VO)
(100V15atm/VO)
82.66
83.22
95.14
85.10
95.61
83.23
Mechanical analysis
% clay (mm dia)
% silt (mm dia)
% fine sand (mm dia)
% coarse sand (mm dia)
% gravel (mm dia)
71.5
12.4
16.4
1.3
0.1
43.8
26.8
23.8
1.4
0.3
35.0
36.7
25.5
0.5
0
EC mS/cm (1:5 H2O 25°C)
pH (1:5 H2O 25°C)
.121
7.6
.097
8.5
1.592
8.1
Clay mineralogy
quartz
kaolin
montmorillonite
illite
gypsum
plagioclase
calcite
feldspar
feldspar/amphibole
mica
25
5-15
50-60
5-15
5-15
25
5-15
45-55
10-20
10-20
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Appendix 2: Common map key for Ivanhoe, Weaber and
Keep River Plains
Land unit Soil types Vegetation class Microrelief
1 Cununurra clay normal Variable, mostly open Small gilgai
1a Cununurra clay alkaline Small gilgai
1b Cununurra clay leached Usually treeless Small gilgai
2a Bonaparte normal Eucalypt woodland Flat
2b Bonaparte sandy Tall eucalypt woodland Flat
or open forest
2c Weaber normal Eucalypt woodland Flat
2d Weaber gravelly Eucalypt woodland Flat
2e Weaber heavy Eucalypt woodland Flat
3a Benton Melaleuca minutifolia Severe gilgai
woodland
3a1 Benton Treeless Severe gilgai
3b Benton Grevillea striata Severe gilgai
open woodland
3c Benton (and Milligan) Eucalyptus microtheca Severe gilgai
open woodland
3d Milligan (and Benton) Eucalyptus papuana Severe gilgai
open woodland
4a Cununurra clay Variable Depressions and
(large depressions) large shelves
Bonaparte, Benton, Walyara
4b Cununurra clay Variable Depressions and
(medium depression), medium shelves
Keep, Benton
4c Keep (and Cununurra in
some depressions)
Eucalyptus papuana
 open woodland
Broad shelves and
depressions
4d Milligan on shelves, Eucalyptus papuana Broad shelves
Cununurra clays and open woodland and depressions
mottled clays in depressions
4e Cracking clays with Dense woodland Strong gilgai
hydromorphic attributes
and high topsoil pH
4f Cununurra clay
alkaline and Weaber       ?        ?
5a Aquitaine bluish Eucalyptus microtheca, Weak gilgai
Excoecaria parvifolia
woodland
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Appendix 2 continued
Land unit Soil types Vegetation class Microrelief
5at Aquitaine bluish Woodland vegetation >50% Weak gilgai
miscellaneous species
e.g. Terminalia spp.
5b Aquitaine greyish Open woodland Weak gilgai
Eucalyptus microtheca
Excoecaria parvifolia
5bt Aquitaine greyish Open woodland >50% Weak gilgai
miscellaneous species
5c Aquitaine bluish Debil-debil gilgai
5d Cununurra clay wetter Treeless ?
6 Stone in clay matrix Varied
R Rock outcrops, no clay
matrix
7a Rivers and major creeks
7b Cununurra clay eroded L. cunninghamii woodland Minor gilgai
8 Variable Variable Smooth
8a Variable heavy Variable Smooth
8b Variable sandy Variable Smooth
9a 40% Walyara,
60% Cununurra clay alkaline
C. lanceolata,
L. cunninghamii
9b 20% Walyara,
80% Cununurra clay alkaline
Carissa lanceolata,
Lysiphyllum cunninghamii
9c 20% Walyara intergrades, Carissa lanceolata,
80% Cununurra clay alkaline Lysiphyllum cunninghamii
10a Cununurra clay leached,
considerable coarse sand
10b Cununurra clay leached,
minor coarse sand
11a Cununurra clay alkaline Eucalyptus microtheca, Moderate gilgai
or Keep normal Excoecaria parvifolia
woodland
11b Keep or Cununurra clay Eucalyptus microtheca, Moderate gilgai
alkaline on shelves, Excoecaria parvifolia
woodland
Cununurra clay in
depressions
Lysiphyllum cunninghamii
B/S Billabong or
permanent swamp
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Appendix 3: Plant species mentioned in this report
Grasses
Aristida latifolia feathertop wiregrass
Astrebla squarrosa bull Mitchell grass
Brachyachne convergens summer couch, common native couch
Chrysopogon fallax ribbongrass
Heteropogon contortus black speargrass
Iseilema fragile Flinders grass
Ophiuros exaltatus canegrass
Panicum decompositum native millet
Sehima nervosum rat’s tail grass
Sorghum stipoideum
     (previously S. australiense) annual sorghum, black soil canegrass
Themeda triandra
      (previously T. australis) kangaroo grass
Woody plants and trees
Acacia sp. aff. bidwillii corkwood wattle
Atalaya hemiglauca whitewood
Brachychiton diversifolius
     (previously B. divertifolius) northern kurrajong
Carissa lanceolata conkerberry
Cathormion umbellatum
Eucalyptus sp. G (Wheeler)
      (previously E. caligera) apple gum
Eucalyptus confertiflora roughleaf cabbage gum
Eucalyptus microtheca flooded box
Eucalyptus papuana ghost gum
Eucalyptus tectifica grey box
Excoecaria parvifolia guttapercha tree
Ficus opposita sandpaper fig
Grevillea striata beefwood
Hibiscus panduriformis yellow hibiscus
Lysiphyllum cunninghamii bauhinia
Melaleuca minutifolia paperbark
Terminalia latipes
    (previously T. ferdinandeana) billygoat plum
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Appendix 4: Trial site description sheet
1. Texture and depth
Depth range
Texture group (and substrate)
(cm) Sand
(<10% cy)
Loam
(10-35% cy)
Clay
(35 to 60%
cy)
Heavy clay
(>60% cy)
Gravel
(>60% cy)
Organic
material
Substrate
material
0-5
5- 30
30-80
80-150
150+
Gradual or diffuse Sharp, clear or abrupt
2. Nature of boundary 1 → 2
2 → 3
3 → 4
3. Substrate material `     hard rock
    weathered rock or saprolite
    laterite duricrust
    calcrete
    silcrete
    hardpan
    unknown
    none encountered
Note:  tick boxes as appropriate
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Recent Agriculture Western Australia Technical Reports on the
Kimberley
152 Soils of the Weaber Plain, East Kimberley, Western Australia by Jim Dixon.
153 Soils of the Knox Creek Plain, East Kimberley, Western Australia and Northern Territory
by Noel Schoknecht and Chris Grose.
154 Soils of the Martinea Loop, Ord River Valley, East Kimberley, Western Australia
by Noel Schoknecht and Chris Grose.
155 Soils of the Ivanhoe West Bank, East Kimberley, Western Australia by Noel Schoknecht
and Chris Grose.
156 Assessment of the suitability for agriculture of the North-west Packsaddle area,
Kununurra by Noel Schoknecht.
157 Assessment of the suitability for horticulture of the Packsaddle Infill area, Kununurra
by Noel Schoknecht.
Soil map unit boundary
Unsealed road
over large areas of broad plains;  minor inclusions of
Cununurra wetter, darker and browner phases and some
variation in topsoil pH.  Vegetation variable, but mostly open.
Red-brown earths with sandy topsoils (Bonaparte sandy-
surfaced phase);  occurs in association with land unit 2a as
’islands’ in broad cracking clay pans;  variable tall wood-
land or open forest.
Red earths with sandy topsoils (Weaber normal phase);
occurs as ’islands’ in broad cracking clay pans;  eucalypt
Red earths with abundant gravel throughout (Weaber gravelly
phase);  occurs on raised, linear, old stream-bed areas;
non arable;  sources of gravel.  Eucalypt woodland.
Cracking clays (Cununurra) in large depressions, various
non-cracking soils (Bonaparte, Benton, Walyara) on large
intervening shelfs;  occurs in association with other ’2’, ’3’
and ’4’ land units within broad clay plains or adjoining 
stream frontage areas;  depressions inundated seasonally;
variable vegetation.
Cracking clays (Cununurra) in medium-sized depressions,
various other soils (Keep, Benton) on medium-sized inter-
vening shelfs and mounds;  occurs in association with other
’2’, ’3’ and ’4’ land units within broad clay plains or
adjoining stream frontage areas;  depressions inundated
seasonally;  variable vegetation.
Brownish cracking clays with carbonate nodules and high
pH topsoils (Keep normal phase, minor Cununurra) mainly
on gilgai mounds, other cracking clays (Cununurra) in some
depressions;  occurs within broad clay plains, sometimes in
association with other ’2’, ’3’ and ’4’ land units or adjoining
stream frontage areas;  gilgai depressions inundated sea-
sonally;  usually treeless.
Cracking clays with hydromorphic attributes (Cununurra
wetter phase, Mottled clays) in depressions, cracking clay
intergrades (Milligan) on broad shelfs;  occurs in seasonally
swampy areas at the junction between broad clay plains and
sandy or lateritic land systems, but only depressions are
Cracking clays with hydromorphic attributes and high top-
soil pH (Keep flooded phase);  strongly gilgaied;  occurs in
seasonally swampy areas but only gilgai depressions are
inundated;  dense woodland.
Cracking clays with hydromorphic attributes (Aquitaine
’blueish’ phase, minor Keep flooded phase);  occurs in
broad low-lying areas, usually where the clay plains adjoin
sandy or lateritic land systems;  seasonally inundated to
theca/Excoecaria parvifolia woodland.
As above, but vegetation dominated by species other than
Cracking clays with hydromorphic attributes (Aquitaine
’greyish’ phase);  occurs in broad low-lying areas of the
clay plains, often near land unit 5a;  seasonally inundated to
As above, but vegetation dominated by species other than
Eucalyptus microtheca and excoecaria parvifolia.
Cracking clays with hydromorphic attributes (Aquitaine
’blueish’ phase) with ’debil-debil’ micro-relief and inclusions
of stone and rock;  occurs in depressed linear zones mar-
ginal to land unit 5a and immediately adjacent to sandy or
lateritic sand systems;  seasonally inundated to significant
depths for long periods;  treeless.
Cracking clays with reduced internal drainage capacity
(Cununurra wetter phase);  occurs within broad cracking
clay plains;  seasonally waterlogged;  usually treeless.
Small steep hills and outcrops of sandstone and other rock
types in a matrix of stony cracking clay;  random occurrence,
vegetation varied.
Greater than 50% silicified sandstone in clay matrix.
Dolomitic rock outcrops.
Rivers and major creeks with associated steep banks;
frontage vegetation.
Cracking clays in a severely eroded and truncated condition
(Cununurra eroded phase) and other soils bordering the
rivers and major creeks;  minor levees, point bars and swamps;
Undifferentiated complex of land units 8a and 8b.
Complex, depressed peripheral zones adjoining sandy or
lateritic land systems;  soils very variable but mainly heavy
clays with sand inclusions;  depressions are seasonally
Complex zone between unit 8a and sandy land systems;
soils very variable mostly duplex soils;  variable woodland
Brownish cracking clays with finely structured high pH
topsoils (Cununurra alkaline phase) and intergrades with
Billabongs or swamps.
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